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NEW BOOKS OF SCIENTIFIC INTEREST 


The Development of Physical Thought. L. B. 
Lores and A. 8S. ADAMS. xv +648 pp. $3.75. Wiley. 


With emphasis on the method of science, that of 
controlled quantitative investigation, this aims to pre- 
sent to the student the manner in which the concepts 
of physics have gradually evolved and developed into 


the structure which is modern physical science today. 


Statics. A. S. RAMSEY. xi+296 pp. $3.00. 
Cambridge. (Macmillan). 


Written as a companion volume to “Dynamics,” and 
intended for the same class of students, “Statics” 
deals with those parts of the subject usually covered 
by the term elementary statics, and gives special at- 


tention to graphical statics, friction, and virtual work. 


Measurements in Radio Engineering. F. E. Ter 
MON. x+400 pp. $4.00. McGraw-Hill. 

A discussion of the measuring problems commonly 
encountered by radio engineers, this book is intended 
to be of use both as a reference and as a text book. It 
is written with the idea of presenting an engineering 
treatment of the subject rather than an encyclopedia 


of measuring terms. 


An Introduction to Astronomy. R. H. BAKER. 
312 pp. Illustrated. $3.00. D. Van Nostrand. 
This textbook, designed for shorter introductory 
courses, undertakes to tell the story of the heavens 
in a way that is understandable without necessitating 


special preparation by the reader. There are lists of 


questions and references at the end of each chapter. 


Exploring the Upper Atmosphere. D. Fisk. 166 
pp. Illustrated. $1.75. Oxford. 


Sound as an explorer, ultra-violet rays and their 
discovery of the ozone layers, the paths of radio- 
waves, projectiles in space, polar lights, and cosmic 
rays are subjects dealt with here. There is an intro 
duction by Dr. Henry L. Brose, professor of physics 
at the University of Nottingham. 


The Anatomy of the Nervous System. 5th edi- 
tion. S. W. Ransom. 501 pp. Illustrated. $6.50. 
Saunders. 

The anatomy of the nervous system is presented 
from the dynamic point of view, with emphasis on the 
developmental and functional significances of struc- 
The fifth edition comprises revisions and brings 


ture. 
up to date, with added illustrations and 


the subject 
diagrams. 


Disease Prevention. H. H. Waive. xi +667 pp. 
$4.50. Crowell. 





This summarizes what has been done and what is 
being done by science to check disease, and endeavors 
to demonstrate the gradual substitution of rational 
scientific methods for the mystic. It is intended es- 


pecially for those without a medical background. 


The Vitamin B Requirement of Man. 
CoWGILL. xix+261 pp. Illustrated. ¢4 


The problem under investigation is n 
ment for dietary factors, and a discussion 
in animals and men is included. There ar 
tables, with statistical studies of the p: 
beriberi, the relation of vitamin B, etx 


The Nature of a Bird’s World. ELIO1 


vii + 102 pp. 2.50. Cambridge. (Mac: 


The author presents a descriptive record 
tions made on the mating, nesting, and fe. 
of some thirty species of birds, with the ; 
inducing a clearer understanding of th« 


Child Psychology. Revised Edition. Jo 
MorGAN. xii+502 pp. $3.00. Farrar & 





This book is an attempt to bring som 
the chaos which the vast literature on cl 
ogy offers to the public, and considers var 
of normal development, with a final sect 


sonality synthesis and integration. 


Research. T. A. Boyp. xv+319 pp. $2.5 
pleton-Century. 

Believing that the pioneering spirit of t! 
plorers has remained in the laboratory of th: 
scientist, Mr. Boyd reveals the method, met 
tions, and achievements of the present-day 


of knowledge. 


The Frustration of Science. FrEDER 
Editor. 144 pp. $2.00. Norton. 

This book, written by a group of scis 
deals with the inversion of science and th« 
sense of social responsibility among scient 
aim is to show that the constructive poss 
science are not fully utilized, while its 


possibilities are rapidly developing. 


A History of Mathematics in America Bef 


1900. D. E. SMITH and J. GINSBURG. x 
$2.00. Open Court. 


An historical monograph on the early «d 
of mathematics in the United States an 
The volume is intended for the educated r 
wishes to extend his knowledge without 
technical study. 


Science: A New Outline. J. W. N.S 
xii+ 282 pp. Illustrated. $2.00. Nelson. 


This survey of modern science is writter 
layman and covers material from the structu 
atom and the universe, to relativity, the 
theory, and the evolution of life on this p 
is illustrated by photographs and drawings 
Brightwell. 
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SEEING THE INVISIBLE 


By Dr. WALTER CLARK 


EASTMAN KODAK COMPANY, ROCHESTER, N. ' 


THE adage which runs, ‘‘ What the eye 
ean’t see, the heart doesn’t long for,’’ 
probably has proved a consoling thought 
to husbands whose ladies have engaged 
in Christmas shopping. It does not 
appear, however, in the phrase book of 
the scientist, whose great delight is to 
probe into and explain those things 
which are not obvious to his normal 
senses. It has been said that it is the 
spirit of man brooding over the stream 
of natural events that has given birth to 
science. Philosophers may argue as to 
whether the object of science is to ex- 
plain these events of nature or merely to 
describe them. It is certain we should 
not get far in the explanation or the 
description if we confined our interest to 
those observations which we could make 
with the unaided eye. 

For an explorer, delving into the ex- 
citing evidences of the glorious Maya 
civilization in the little republic of Hon- 
duras, it would be a relatively simple 
task to dissect the structure of one of the 
buildings of the old city of Copan. He 
would examine its external form, per- 
haps glorying in the beauty of its carv- 
ing, and appreciate the shape and the 
nature of the stone blocks of which it was 
constructed, and learn much of the way 
in which they were put together. He 
could find out all these things by simple 
examination. 

But suppose he were given a diamond 
and asked, ‘‘Please tell me how this is 


made’’—his task would not be so easy. 
He would see that it was a transparent 
thing of beauty, its many man-shaped 
facets glistening in the light. But he 
would see little more: of its architecture 
he would learn nothing. His eyes could 
not peer into its interior and tell of its 
structure, of the ‘‘bricks and rafters’’ 
which went to make it the cold, hard 
beauty that it is. He would have to use 
other means more delicate than his eyes 
The chemist could tell him that it was 
made of carbon, another form of coke, 
but if he wished to find out how these 
‘‘bricks’’ of carbon were arranged he 
would need to use invisible x-rays. The 
eye, marvelous organ that it is, enabling 
us to see the grosser forms of objects and 
their colors, can not probe the deeper 
mysteries of matter and tell us why these 
objects have their shapes, and why they 
are so beautifully colored. The eye is 
relatively an insensitive thing, respond- 
ing only to a very narrow range of waves 
in the wide gamut extending from the 
short cosmic rays to the long waves of 
radio. 

Light is the messenger of the universe, 
bringing us the news, telling us of the 
existence of things, but betraying little 
of their inmost forms. For, the waves of 
light are long compared with the simple 
bricks, the atoms of which coarser things 
are made. And so we must resort to the 
shorter waves of x-rays, which compare 
in size with the atoms of matter. They 
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can penetrate the most opaque of things, 
and reveal their invisible construction. 
Instead of the eye, we use the photo- 
graphic film, which is to x-rays what the 
eye is to light. The film extends our 
range of vision. 

The marvels of to-day become the 
commonplaces of to-morrow. It is only 
thirty years since x-rays were discovered. 
They are now the indispensable tool of 
the scientist, engineer, the dentist and 
the surgeon. Incipient pyorrhoea, a 
fractured bone, a faulty casting, all re- 
veal themselves before the penetrating 
rays. They are used in checking mate- 
rials employed in the construction of 
large engineering works, machinery of 
transport, the construction of complex 
appliances inside an opaque housing, 
and in countless other engineering proj- 
ects. Prior to the use of x-rays, faulty 


structures did not show their presence 
until failure of the defective parts oc- 
curred, resulting sometimes in loss of 


But nowadays there is little excuse 
for this. The value of x-rays to human- 
ity is untold. They have been of great 
benefit in diagnosing tuberculosis in its 
early stages, and many other maladies 
with which man is afflicted. -They have, 
further, revealed to the scientist the 
finest architecture of the simple crystals, 
as of salt or diamond, and the very com- 
plex structure of the felspars, of which 
much of our rock is made; they have 
shown the rearrangement of molecules 
which occurs when a rubber band is 
stretched and which gives it its elastic 
properties. Slowly, all materials give 
way before their ken. 

Even more penetrating than the 
x-rays are the shorter so-called gamma 
rays of radium; these will penetrate as 
much as fifteen inches of steel, compared 
with a few inches in the case of x-rays. 
No apparatus is required to generate 
the gamma rays. They are as the life 
blood of radium, seeping away irrepres- 
sibly, draining it ultimately to its death. 
X-rays, on the other hand, require very 


life. 
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elaborate electrical apparatus for t} 
production. Still shorter than 
gamma rays are the cosmic rays, 
most penetrating we know. So 
scientists have not been able to pr 

or harness them, but who knows but t 
one day we shall convert them to our us: 
and what they will reveal? 

But there is no need to go as far as t 
short x-rays to extend our range 
vision. Close to the visible 
just outside the range of our eyes, ; 
the ultra-violet and the infra-red. T 
one, shorter in wave-length than the visi- 
ble violet, is well known for its health- 
giving influence, in the form of the vio! 
ray; the other, just beyond the visible 
red and merging into the heat waves, is 
used in thermal treatment when it is 
desired to warm up the muscles beneath 
the skin. 

Through the microscope, the ultra- 
violet has shown the detailed structure 
of minute objects which pass unobserved 
when examined by visible light. It has 
shown the botanist that the surface of a 
leaf is a thin layer which absorbs very 
strongly, preventing entry of the short 
rays to damage the delicate cells beneath. 
It has revealed details of the cells of liv- 
ing matter, the minute structure of dia- 


n 


toms and many particulars which can 
not be resolved in the microscope by the 
longer visible light. In some extraordi- 
narily fine work, Dr. F. F. Lucas, of the 
Bell Telephone Laboratories, has applied 
ultra-violet and blue light with a special 
microscope objective of unusually high 
aperture to the study of the structure of 
metals and alloys. He has photographed 
isolated particles which are only 200 t 
300 atom diameters in size. The results 
have proved of great importance in the 
understanding of the function of heat 
treatment in the hardening of alloys, 
such as the chrome irons. 

With the aid of ultra-violet photogra- 
phy the examiner of questioned docu- 
ments becomes the despair of the forger, 
for he is enabled to detect the smallest 


spectr ] 





SEEING THE INVISIBLE 


changes and to lay bare the falsifications 
of the most careful of criminals. The 
ultra-violet has also enabled the historian 
to reveal the original writing on palimp- 
sests—old parchment sheets from which 
early writing had been removed so as to 
provide fresh surfaces for the pens of 
monks before the invention of printing 
—and to help the connoisseur of art to 
determine the authenticity of paintings 
concerning which there may have been 
some doubt. 

More recently, there has been a grow- 
ing interest in the study of the infra-red. 
This has been made possible by the dis- 
covery in the past few years of a remark- 
able series of dyes which can make the 
photographie film or plate respond to 
these invisible rays. Already, results of 
great interest have been obtained with 
their use. Three years ago the astrono- 
mers at Mount Wilson Observatory, 
using infra-red photography in the 
spectrograph, thought they had discov- 
ered the presence of the gas carbon diox- 
ide gas in the atmosphere of Venus. 
They have now been able to show quite 
definitely that the planet’s atmosphere 
contains very large quantities of the gas. 
The evening star is in reality a very 
gloomy planet. It is_ perpetually 
shrouded in a fog-like layer which has 
not so far been pierced. The surface of 
the planet has never been seen. But in 
the upper layers alone of its atmosphere 
there is about 10,000 times as much ecar- 
bon dioxide as is present in the entire 
atmosphere of the earth. Moreover, 
there seems to be very little oxygen 
present around the planet. These facts, 
together with the absence of sunlight due 
to the shroud of clouds, indicate that 
there is no life, not even plant life, on its 
surface. 

Towards the end of 1932, the planet 
Mars approached the earth and during 
the spring of 1933 it started receding, 
and the astronomers made an attack on 
it using new plates which photographic 
science had provided. They were inter- 
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about the constitu- 
Without a 


le to be 


ested to find out more 
tion of its 
knowledge of this, 
sure about the opinions as to the 


atmosphere. 
it 1S NOt possib 
nature 
of the planet’s surface, nor to confirm or 
refute the views that there is life 

It had long been th that there 

an atmosphere around Mars and that 


ught 


atmosphere contained oxygen, essential] 


for the support of life as we know it. 
Measurements 
definitely that 


i 


now made have asserted 


if there is oxygen in the 
atmosphere of Mars, there is not more 
than one quarter of one per cent of that 
present in the atmosphere of the earth. 
Such an amount could not support life 
of the higher forms with which we 
acquainted. Is it that, after all, 
no life on Mars? Or is it a form of life 


are 


there is 


which is adapted to conditions under 
which few living things could exist on 
earth? Much of the glamor of Mars has 
gone. Novelists can no longer thrill us 
with Martian man, large of 
head and of superior intelligence. 
Clouds on Mars are very rare and its sur- 


stories ol 


face can be directly seen in the telescope. 
It has a desert-like appearance, and it 
has been that once 
present, has been exhausted in oxidizing 
the surface materials. The reddish hue 
of much of its surface may be due to iron 


suggested 


oxygen, 


oxide formed in this way. 

Study of the planets more distant and 
less bright than Venus and Mars, al- 
though more difficult to carry out, has 
given results none the less startling, for 
in the atmospheres of these giant, cold 
planets has been found fairly certain 
evidence of the existence of the 
ammonia and methane—also discovered 
in the spectrograph—the former at 
Mount Wilson and the second at Lowell 
Observatory. Here is a problem for 
astronomer and chemist, and a rather 
curious one. Ammonia is a very reactive 
consisting of nitrogen’ saturated 
with hydrogen; methane, less reactive 
than ammonia, and familiar as ‘‘marsh 


gas,’’ consists of carbon saturated with 


gases 


gas, 
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hydrogen. Both gases are stable. It is 
possible that collisions of atoms in the 
atmospheres of the planets have con- 
tinued over vast periods of time, until 
eventually these most stable constituents 
have survived. It has been suggested 
that methane and ammonia are just the 
gases which would be expected to form if 
a mass of gas, having a composition like 
the atmosphere of the sun, were allowed 
to cool slowly to a very low temperature. 

But the study of the infra-red has 
proved of great interest in very mun- 
dane things. If we gaze across the coun- 
try in the direction in which we know 
lies a range of hills, say, forty miles 
away, we may not be able to see the hills 
at all. On some very clear days they will 
stand out on the skyline, steel blue with 
haze. On other days the haze will com- 
pletely block them from our sight. The 


atmosphere always contains water vapor, 
and if this forms minute droplets on 
particles of dust or ions of gas which are 


usually present in the air, we have the 
appearance of haze. If the particles of 
moisture are bigger the haze thickens 
into mist or fog; our range of vision is 
eut down, and the outlines of distant 
objects are blurred, as if we were view- 
ing them through a window of frosted 
glass. For these particles of moisture 
scatter light, just as the droplets of fat 
in milk scatter light, causing a turbid 
appearance. But they do not scatter 
light of all colors equally. If we view 
a street lamp or the sun through a haze 
or mist, it has an orange or red appear- 
ance, but may still appear quite sharp. 
This is because mist does not scatter red 
light nearly as effectively as it does blue 
or green. So that when we see the sun 
through a mist, the blue and green parts 
of the visible white light are scattered 
away and only the red gets through 
directly to our eyes. The further we get 
away from the blue in the spectrum, the 
more readily is the light transmitted by 
the mist, until when we reach the invisi- 
ble infra-red just beyond the red end of 
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the spectrum, it may not be scattered 
all, but be transmitted quite freely. 

So, if we wished to see distant obj 
clearly through a mist, we should d 
if we could use infra-red rays. Unforty 
nately our eyes are not sensitive to thes; 
rays. We can, however, fall back on t 
substitute for the human eye, the phot 
graphic camera, and if we confine 
exposures to the infra-red we can extend 
our range of vision and record our pic 
tures clearly. Some exceedingly inter- 
esting results have been obtained in this 
way by a member of the crew of the 1934 
stratosphere balloon, Captain A. W 
Stevens, of the U. S. Army Air Corps, 
flying a plane in the region of the Andes 
in South America and in the directi 
of the Rocky Mountains in this hemi- 
sphere. In 1931, Captain Stevens, from 
a distance of 310 miles, photographed 
the peak of Aconcagua in the Andes 
The mountain, of course, was quite in- 
visible to the photographer’s eye, and in 
order to ensure getting it in his pictur 
he had to orient his camera by compass 
This photograph excited a lot of interest 
because it showed the line of haze over 
the Pampas as curved, owing to the 
eurvature of the earth—the first time 
that this had been photographed. Some- 
what later, in 1932, Captain Stevens 
photographed objects at still greater dis- 
tances, the subject of particular interest 
being Mount Shasta, which was no less 
than 331 miles from the camera. There 
is really no limit to the distance over 
which objects can now be photographed, 
except that imposed by their size and by 
the curvature of the earth. 

More recently, there appeared in the 
National Geographic Magazine one of the 
most remarkable photographs ever taken 
This was also the work of Captain 
Stevens, and showed the whole of greater 
New York and much surrounding coun- 
try in surprising clarity of detail with 
complete elimination of the haze. It was 
made not using invisible infra-red rays, 
but with the deep red rays near the ex- 
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treme of the visible spectrum. There is 
much aerial survey work done, both in 
time of peace as well as during war. It 
enables maps to be constructed accu- 
rately at a cost very much less than when 
the normal methods of surveying from 
land are employed. However, when the 
photographs are taken from such a 
height that there is no blurring due to 
motion of the airplane and that sufficient 
territory appears in the picture, atmos- 
pherie haze invariably spoils the defini- 
tion of detail in the photograph. Such 
pictures are, therefore, always made with 
the more penetrating longer red light of 
the visible spectrum or, more recently, 
with the region of the infra-red near to 
the end of the visible red. 

It has been suggested that the use of 
infra-red photography might be of value 
in enabling sailors to navigate ships with 
safety in dense fogs at sea, and infra-red 
cameras have been installed on a number 
of ships. It is known, however, from 
theoretical grounds, and practical results 
have confirmed it, that no increased 
penetration could be obtained in the case 
of a fog which was a danger to naviga- 
tion. But, even if such photographs can 
not be used for navigation in all kinds 
of fog, a fleet of airplanes equipped with 
infra-red cameras for penetrating the 
lighter haze which cuts down visibility 
could be of real value as a scouting arm 
attached to a battle fleet in time of war. 

In the later years of the last century, 
Captain Abney, a foremost British pho- 
tographie investigator, produced some 
plates which were sensitive to the infra- 
red. His results are of historical interest 
only, because his plates are very difficult 
to make and use. He did, however, suc- 
eeed in photographing the spectrum of 
the sun to a wave-length beyond 10,000 
A., an achievement which it has only been 
possible to repeat in recent years. The 
present limit is 13,536 A., recorded of 
late by Babeock of Mount Wilson Obser- 
vatory using some remarkable plates 
prepared by the Kodak Research Labora- 
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tories. As a result of his iences 


with the infra-red, however, Abney sug- 
gested that it might be possible to ph ItO- 
graph a kettle of boiling water 

dark, using the heat rays given off { 

it. So far this has not been d 

using modern plates, it has been a re! 
tively matter to phot 
bodies at a somewhat higher temperat 
than boiling water, using the heat 


exper 


simple 


which are quite invisible to the eye. 


Kr r 
instance, an electric flatiron can be ph 
tographed in total darkness, making use 
of the invisible waves radiated by 

Still more interesting is the fact that 
photographs have been made of a plaster 
bust in the dark, using 
instead of the lamps which would be 
in taking an ordinary photograph. 
course, it would be very unpleasant 


two flatir 


a human subject to be subjected to 

heat from two irons while his photograp! 
was being made. (We can discredit the 
schoolboy’s story that Henry VIII used 
a flatiron when he ‘‘pressed his suit on 
Anne It was for this reason 
that the plaster cast was used. The ordi- 
nary electric lamp, however, gives off a 


soleyn.’’) 


relatively large proportion of its rays in 
the So, if it 
possible 

which do 
light, and use plates sensitive to the 
infra-red, it should be possible to photo- 
graph people in the dark without sub- 


invisible infra-red. were 


to screen lamps with filters 
| 


not let through any visible 


jecting them to much physical discom 
fort. This has been done on several occa- 
sions with short exposures; even 
motion pictures have been made in com- 
plete darkness. 

Portraits by infra-red rays are not 
characterized by any degree of beauty. 
In them the flesh appears chalky, the red 
lips come out light, the eyes appear as 
black circles, and all lines in the face are 
enormously exaggerated. Effects 
as this are due to the peculiar way in 
which materials reflect and transmit the 
infra-red. 


It is not possible to tell from 
the appearance of an object by visible 


very 


} 
sucn 
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light how it will reflect the invisible 
radiations. By infra-red, for instance, 
there is a practically complete elimina- 
tion of the stripes and the background 
of the stars of the United States flag. A 
series of pieces of black dyed cloth can 
be selected which look equally black to 
the eye, but in the infra-red photograph 
they appear as a scale of grays ranging 
from white to black. It is possible to 
photograph a Negro in a black suit and 
in the print find he looks like a man with 
fair skin in a Palm Beach suit! In an 
infra-red picture of a landscape the 
leaves of the trees look very light, giving 
the trees the appearance of being covered 
with snow. This effect is obtained be- 
cause the chlorophyll in the leaves, 
which gives them their dark green color 
because it absorbs blue and particularly 
red light, reflects the infra-red very 
freely. 

Now this characteristic which many 
materials possess, of reflecting and trans- 
mitting the infra-red much more freely 
than they do visible light, has given some 
results of very considerable interest. 
Suppose, for instance, a photograph is 
made of a man’s chest by infra-red. The 
picture will differ very markedly from 
a normal photograph and from what is 
seen by the eye. The veins will be 
clearly visible in it. These veins are 
actually invisible to the eye because they 
are buried beneath the layer of skin. A 
result such as this might be expected, if 
it were remembered that infra-red rays 
are used in therapy for warming up the 
muscles below the skin. The fact that 
they can be used for this purpose shows 
that they can penetrate skin and flesh. 
It will immediately be said, ‘‘ Well, then, 
why can not we use infra-red pictures as 
a means of medical diagnosis, to show 
incipient afflictions having their origins 
below the skin?’’ This has already been 
done, and is being extensively studied at 
the moment, and the results are of great 
interest. Varicose veins and congestion 
of the capillaries can be seen, and the 
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study of skin lesions is being acti, 
investigated. It appears that here 

have a tool which may one day prove 
considerable value to the doctor. W 

it not be of importance if we could s 
the presence of diseases before the s 
took on its characteristic appearan 
Certain diseases of plants have alr 

been diagnosed in their early stages 
this way by infra-red photography 
the leaves. 

Among the old works in the Hunting 
ton Library at San Marino, Californ 
is a copy of De Bry’s ‘‘ Voyages.’’ Son 
passages in this work were considered 
objectionable by the censors of the Spa: 
ish Inquisition, who deleted them in t! 
year 1632 with a layer of black ink—s 
thick that it can in places be felt 
ridge by the finger—and comp! 
obliterating the offending passages. 

L. Bendikson, of the Huntingt 


brary, heard of the success with which 
the astronomers at Mount Wilson Obser 


vatory had been using infra-red plates 
and borrowed a few to see if they w 
help him in deciphering the old b 
He had already tried ultra-violet wit! 
success. To his delight he found that 
infra-red could penetrate the censor 
ink, showing up the underlying printed 
matter as if the inquisitor had never ex- 
isted. It was fortunate that the censo: 
knew nothing of the properties of his 
inks in the infra-red, or he might hav 
chosen one having the same characteris- 
tics as the ink used for printing the b 
and our librarian would have been foiled 

Dr. Bendikson, prompted by his sue- 
cess in this instance, then turned his 
attention to some of the documents wh 
had been badly charred by fire in the dis- 
aster which occurred in the New Y 
State Capitol at Albany more 
twenty years ago, causing serious 
to the State Library. Here again, 
succeeded in deciphering passages whic! 
had been rendered quite illegible by th 
fire. 

There is another way of deciphering 





SEEING THE INVISIBLE 487 


charred documents, which was worked 
out in the Bureau of Standards some 
years ago. In this case, the charred page 
is merely put in contact with a photo- 
graphic plate and left in the dark for 
several weeks. On developing the plate 
a negative image of the original writing 
is found from which prints can be made 
and the writing read with surprising 
clarity. This method has been used with 
success by a number of examiners of 
questioned documents, mainly for de- 
ciphering important financial documents 
such as ledgers, bonds and checks which 
have been rendered illegible by charring. 

During the course of the excavations 
which have been going on in Hercula- 
neum in Italy, many old rolls of Roman 
papyri have been discovered, which were 
completely charred during the eruption 
of Mount Vesuvius which overwhelmed 
the city. These charred rolls are so 


fragile that it requires exceeding care to 
open them out flat so that they can be 


studied. But when this is done it is 
found that the old writing is practically 
invisible. By very skilful arrangement 
of lighting and astute methods of increas- 
ing contrast photographically, however, 
Signor Ferdinando Lembo of Naples has 
succeeded in photographing them in such 
a way that the records have been able to 
be read with ease by the historian. 

So far we have considered mainly 
those things which are invisible because 
the radiations which announce their 
presence are outside the range to which 
the eye can respond. There are other 
things, however, which emit light of such 
a low intensity that the eye can not see 
them, and there are events which take 
place so rapidly that our senses are un- 
able to arrest any impression of them. 
These rightly fall under the heading of 
the invisible. 

The photographic plate possesses an 
attribute additional to those already 
mentioned, which gives it another advan- 
tage over the eye. It can go on building 
up an impression as long as it is exposed, 


1 


so that eventually th 
so weak as to give no 


se things which are 
record when ex- 


be made to 


red inten 


posed for a short time, can 
build up an image of any dk 
sity. The eye can not do 
source of light is so weak as 
the threshold of sensitivity ol 
remains invisible however lo 
at it. 

Without phot 


of the universe would be but a very small 


graphy, our knowledge 


fraction of what it actually is, even if we 
consider merely the numbers of stars and 
ignore what we learned of their 
constitution; for many of them 
weak as to be quite invisible, even in the 


have 
are 80 
highest power telescope. Suppose we 
were photographing a portion of the con- 
stellation of Orion, and that in making 
it, two exposures were given, one one 
hundred times as much as the other. If 
the shorter exposure showed a few of the 
most prominent stars, the longer one 
would show a very large number of stars 
large and small. Perhaps at the bottom 
of the photograph would be the great 
first magnitude blue star, Rigal ; above it 
the Sword Belt, and in the curve of the 
sword an object which does not form a 
sharp image on the photographic plate. 
It is the great nebula of Orion, one of the 
most wonderful objects in the 
Photographed in the highest power of 
the telescope, in the middle of the nebula 
is a great dim cloud of light, in the words 
of Sir James Jeans, ‘‘looking like drift- 


sk f 


ing masses of smoke such as one sees 
when a house or a haystack is on fire. 
And, indeed, they are, so to speak, only 
the smoke of our own star-city, lighted 
up by the lights of our own star-city; 
they are the wisps and clouds of dust and 
luminous gas stretching from star to star 
within the confines of the Milky Way, 
and forming light and dark 
against the sky, much as the smoke and 
flame of an ordinary fire form light and 
dark patches against the sky.’’ In the 
way that the photographer has been able 
to penetrate the haze on earth, revealing 


patches 
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the detail of his distant landscape, so the 
astronomer has been able to penetrate 
the haze of his nebulae, revealing 
through them images of faint stars in- 
visible in a usual photograph, masked by 
the luminous gases. 

At night time, in the headlights of our 
cars, we see repeated bright 
points of light, appearing and disappear- 
ing, but moving rapidly with respect to 
us, and giving no impression of well- 
defined form. The state of our radiator 
and windshield after the journey shows 
that we were observing the flight of in- 
sects. If we were able to arrest them at 
any one part of their path, and fix a sta- 
tionary image of them on the eye for a 
short time, we might be able to recognize 
their form. If we can not recognize a 
flying insect, still less can we identify 
more rapidly moving objects, such as a 
golf ball or the bullet fired from a revol- 
ver. gut, here again, photography 


flashes, 


comes to our aid, and provides us with 


a means of arresting their rapid flight. 

A golf ball, struck by an average 
player in making a drive, leaves the club 
at a speed of about 180 feet a second. 
Now, the shortest exposure usually 
available on the best of photographie 
cameras, such as those used by press 
photographers, is one thousandth of a 
second. In this short interval of time 
the golf ball moves two inches, and in 
the photograph it would appear as a 
white blur two inches long. We can 
tolerate a movement of the ball of only 
about 1/50th of an inch while the ex- 
posure is being made. With this a 
reasonably sharp picture can be ob- 
tained. The ball, however, moves 1/50th 
of an inch in 1/200,000 part of a second, 
an exceedingly short time, quite unat- 
tainable with a mechanical shutter on a 
eamera. Even if it were attainable we 
should be faced with the problem of pro- 
viding enough light to give a good photo- 
graph in such a short time. Fortunately, 
there are means available which can pro- 
duce very bright flashes of light of ex- 
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ceedingly short duration. One of these 
is the electric spark; the other is a dis. 
charge through a mercury are lam; 
Using this second method Edgerton. 
the Massachusetts Institute of Techno). 
ogy, has made a series of very interesting 
studies of high-speed phenomena. ( 
of his photographs shows a golf club 
the moment of its impact with the | 
The ball, before it has moved from ¢ 
tee, is clearly very considerably ¢ 
pressed, flattened at the side in con 
with the club. The club and ball tray 
together for a distance not exceeding 
half of an inch, the ball then races ahead 
of the club, flattening next in a direct 

at right angles to its former direction 
compression, then oscillating somew! 
and all the time revolving backwards at 
a rate of 5,000 revolutions a minut 
Without photographs such as these, 
taken in 1/200,000 of a second, we could 
learn little of the mechanics of the flight 
of the ball. (At the same time such 
knowledge is not caleulated to impro. 
the standard of the player.) 

By using the newly developed tech- 
nique of high-speed photography, it 
possible to study the movement of fi: 
in mixtures of explosive gases. 
studies are of immense importance i 
those fields where it is desired to elimi- 
nate explosions, as in the mining indus 
try, or where it is deliberately desired 
to use them, as in the design of internal 
combustion engines. One of the earliest 
scientific applications of photography 
was in the photography of flame, some 50 
years ago, shortly after the photographic 
material of the general type we now use 
was introduced. With the development 
of high sensitivity and other properties 
in photographie plates and films, and 
new lenses having high apertures, enor- 
mous progress has been made in the 
study of explosions. There are two ways 
of studying flames photographically. In 
one a series of snapshots of the flame is 
made in succession at very short inter- 
vals on a plate or film, showing consecu- 
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tive stages in the propagation. In the 
other method, a plate or film is made to 
move rapidly in a direction at right 
angles to the path of the explosion, an 
image of the flame being focussed on the 
plate or film by a lens. A trace is ob- 
tained, from the slope of which the speed 
of the flame can be calculated. 

In an explosion in a mixture of gases, 
the flame can travel at velocities varying 
from 0.3 to 3,500 meters per second, or, 
say, one half to seven thousand miles an 
hour. But whatever the velocity, the 
rate and characteristics of the explosion 
ean now be satisfactorily studied. In the 
hands of Fraser, of the University of 
London, and Ellis, of the University of 
Cambridge, extremely valuable data 
have been collected in this way on the 
course of explosions in mixtures of gases, 
and particularly, the behavior before 
and after detonation. 

Perhaps the most fascinating of all 
examples of high-speed photography is 
that of the photography of bullets pro- 
pelled from firearms. The earliest work 
of this kind was carried out by Professor 
C. V. Boys in England, but the best 
photographs are those made a few years 
ago by the late Philip Quayle at the 
Bureau of Standards. In the system 
employed an intense electric spark of 
very short duration is used to take the 
picture, although the method of taking it 
is not as simple as might appear. The 
bullet travels at a rate of some half a mile 
a second, and the camera has to get a 
glimpse of it before it passes from its 
field of view; elaborate electrical appa- 
ratus is necessary to ensure this, and to 
provide the two millionth of a second 
flash necessary to give a glimpse of the 
bullet’s flight and record its image on 
the plate. 

A series of photographs of a bullet 
being fired from the muzzle of a revolver 
is very instructive. When the bullet is 
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just clear of the muzzle, the gases which 

have leaked past it, and the powder par- 
I | I 

in the barrel after 


are seen ahead of 


ticles which were left 
the previous discharge, 
it. The sound 
release of the gas, and which is audible 
familiar crack, is ju 


When the 


wave generated by 


as the 
formed. 


out of the 
crown to 3 
le 


muzzle 
inches. 
mger being acce 
Both 
move on, 


ing gases. 
wave 
passes clearly through the wave and flies 
ahead of it. 
air away from th 
sound waves itself, due 
base and the rifling marks; they are li 
the waves on the sea, the wake of a speed 
boat or a fast-moving liner, and cause the 
whine of the bullet in flight. Informa- 
tion obtained in this way has proved of 
great help in studying the phenomena 
attending the discharge of firearms. 
is but one more illustration of the appli 
eation of photography to 
understanding of technical pr 
and in enabling us to “* 
And so we see how ph 
larges the scope of the eye, enabling us 
to study events which take place too 
rapidly to be followed in detail, or which 
are not bright enough to be seen; stretch- 
nd the limits of our 
radiations to which 


aiding 

y»blems, 
see the invisible.’’ 
tography en- 


ing our vision bey: 
ken to the realm of 
our senses will not of themselves respond. 
Before the eye of the camera the universe 
unfolds, and the see 
slowly giving way. 


matter are 
the 
progress and in it the century-old art is 
We are in an 


rets of 
This is age of 
playing a prominent part. 
era of great scientific discovery, which 
has come about largely because of the 
insatiable curiosity of the 
Must we not change our adage, and say 
of him: ‘‘What the eye can’t see, the 


@?? 


heart does long for ? 


scientist. 





NUMBER AND CLEAR THINKING 
AN ASPECT OF HUMAN CULTURE 


By Dr. R. D. CARMICHAEL 
PROFESSOR OF MATHEMATICS, UNIVERSITY OF ILLINOIS 


THE earliest impacts of number on 
human culture, that is, on the intellec- 
tual and esthetic content of civilization, 
are lost from our view in a prehistoric 
past so distant as to deny all hope of 
recovering precise facts concerning them. 

It is doubtless true that a certain 
number-sense was developed in human 
history long before numbers made their 
explicit appearance. A child may well 


observe that one object from a collection 
of four similar objects was removed 
while he was not looking, though he is 
still unable to form such a concept as 
is involved in the words three and four. 
It appears, in fact, that some animals 


have developed a certain number-sense. 
A bird may continue with a nest when 
one of four eggs is removed but desert 
it if two are taken. 

He who first observed the common 
element in two days and two stones, took 
a great step forward in the dévelopment 
of human culture, going well beyond 
what the preman saw who first observed 
that two stones might kill a snake while 
one would not. To recognize that prop- 
erty of two collections from which it 
arises that they have the same number 
of elements requires no little power of 
perceiving abstractions. But these pre- 
liminary stages in the development of 
the number concept are lost in the mists 
of prehistory. 

Primitive cultures still exist in which 
there is only a very partial development 
of the number concept. It is tempting 
to suppose that acquaintance with these 
may throw some important light on the 
history which has culminated in our own 
acknowledge of numbers. But to make 


such a supposition is merely to sp 
late: the facts are unknown. And ther 
is indeed an element which might y 
cause us to hesitate. It appears proba! 
that the total history of primitive cul- 
tures is chronologically as long as our 
own, even though it seems to us reasor 
able to suppose that it is not so ric} 
in details. It would follow, then, t! 
the development of those cultures whi 
are still primitive has proceeded at 
different rate from ours; and this 

is undoubtedly significant. It is ther 
fore unsafe to read our knowledge 
present-day primitive cultures into « 
own history. 

It is clear that considerable progress 
with the understanding of number must 
have been made long before the inven- 
tion of any written language suitabl 
for recording the early steps. The first 
glimpses into the literary records of 
human culture reveal number as already 
on the scene; and it is playing a ro! 
which it could have assumed only after 
a long preceding historical development 
The positive knowledge which we ca 
create through the investigation of an- 
cient remains has already lost much of 
its precision when we press back as far 
as 4000 B.c.; and literary documents of 
any clear adequacy are first to be found 
only at later dates. But a long and 
flourishing mathematical and architec- 
tural development must already hav 
taken place before the ancient Egyptians 
could have brought into existence the 
magnificent structures of the third mil- 
lennium before Christ. And far beyond 
that must our mental vision pierce into 


the darkness to see the beginnings of 
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that development which enabled the an- 
cient Babylonians to deal effectively 
with square numbers and with sexagesi- 
mal fractions. 

Even when records begin to appear 
there is some evidence that the most 
active mental experiences with numbers 
were not recorded. In the computations 
of the ancients, ‘‘head reckoning,’’ or 
mental arithmetic, was apparently more 
widely employed than written work. It 
is known that such mental reckoning was 
required of students in some of the an- 
cient schools. An extant Egyptian docu- 
ment from about 1300 B.c. contains an 
admonition to pupils running about as 
follows: ‘‘When you are computing 
silently, let no spoken word be heard.”’ 
(But the ancient Egyptians are not 
known to have raised the behavioristic 
question whether the mind or the larynx 
was computing.) It is evident that the 
wide-spread use of this head reckoning 
would tend to decrease such documen- 
tary evidence for the number processes 
employed as might persist to our own 
day. 

We must pass over the remaining 
aspects of the beginnings of things, not 
even taking time for such an interesting 
and remarkable document as the Ahmes 
papyrus from Egypt with the intriguing 
title, ‘‘Directions for Obtaining the 
Knowledge of all Dark Things’’; we 
remark merely that this ancient treatise, 
devoted largely to properties of numbers, 
indicates by its title that there is noth- 
ing novel in the subject ‘‘Number and 
Clear Thinking’’—the theme is hoary 
with millennial wisdom. 

It is with Pythagoras (sixth century 
B.c.) and the Pythagoreans that the con- 
cept of number first comes into explicit 
precise verifiable relations with the prob- 
lem of clear thinking. The historically 
important part of the work of Pythag- 
oras, though preceded by a period rich 
in experience, begins with his migration 
to Crotona in Italy about the year 529 
B.c. Here he became the center of a 
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great organization having in some re- 
the 
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reformation of 
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re of moral ear 


arose in the 
and 


scientific doctrines themselves appear to 
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nestness social reform. But the 


connection with 
mysticism of the 
of the brother- 


have had no intimate 
the religious 
or the rules of conduct 
hood. 

The central 
philosophy lies in its recognition of the 


Soc l¢ ty 


aspect of Pythagorean 


numerical and mathematical relations of 
things. In the earlier 
realization of these abstract 
tions led to the assertion of the essential 


dim 


considera- 


times the 


existence of numbers as the 
phenomena or of the still more specifi 
proposition that number is the esse 

of everything. Aristotle tells us 
Pythagoreans seem to have looked upon 
number as the principle and, so to speak, 
the matter of which existences consist.’ 
Again he says: ‘‘They supposed the ele- 
ments of numbers to be the elements of 
existence, and the 
heaven to be harmony and number.”’ 
Philolaus, a later Pythagorean, says: 
‘*Number is great and perfect and 


pronounced whole 


om- 
nipotent, and the principle and guide of 
divine and human life.’’ Fantastical 
this may be (and perhaps removed from 
clear thinking) but 
prompted by the underlying truth that 
*‘it is number or definite mathematical 


nevertheless it is 


relation that separates one thing from 
another and so in a sense makes them 
things.’’ 
by the Pythagoreans as the principle of 
order, the principle by which the world, 
instead of being a 
The chief grounds 
theory they found in the regular move- 
ments of the heavenly bodies and in the 
harmony of musical sounds. dependent 
upon the arithmetical ratios of small 
integers. 

The theories of the Pythagoreans have 


Thus number was recognized 


becomes a 
for their 


chaos, 


cosmos. 
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their reverberations even up to modern 
times. Let us illustrate with quotations 
from English literature: 

Billingsley (1570): ‘‘Nomber com- 
passeth all thinges, and is the be- 
ing and very essence of all thinges.’’ 

Argyll (1857): ‘‘These laws of num- 
ber and proportion pervade all Nature.’’ 

Steele, Spectator, No. 174: ‘‘ Numbers 
are so much the measure of everything 
that is valuable that it is not possible 
to demonstrate the success of any action 
or the prudence of any undertaking 
without them.”’ 

Thus the doctrine persists in litera- 
ture, even if it has become somewhat 
attenuated. Moreover, it also has a cer- 
tain precarious existence in everyday 
living and conversation. The possession 
of precise information about a person’s 
ability, character, intentions, psycho- 
logical disposition and even moral in- 
tegrity, serving to identify him (in 
essence and substance) as belonging to 
a certain type, may be indicated by a 
succinct and expressive colloquialism, 
redolent of Pythagoras, namely, ‘‘I’ve 
got your number.’’ 

When we are told how Pythagoras 
insisted that mathematical objects, such 
as numbers and shapes, are the ultimate 
stuff out of which the real entities of 
experience are constructed, we may at 
first feel that the idea is crude or indeed 
silly. But when we recognize that he 
is reaching toward the proposition that 
to know something perfectly general 
about the elements in any situation is to 
know many other equally general con- 
cepts which are exemplified in that situa- 
tion, and when we realize that the his- 
tory of thought has proved the presence 
of this general truth in these specula- 
tions, we begin to see in Pythagoras the 
first man to get any clear grasp of a 
general principle which has exerted a 
profound influence upon clear thinking 
for more than two millennia. He was 
insisting upon the importance of the 
utmost generality in reasoning and he 


saw the essential character of number 
as a necessary element in the constrye-. 
tion of intellectual tools for understa; 
ing nature. 

The intrinsic importance of Pyt! 
oras necessarily lies primarily in 
own thought; but the influence of any 
thinker owes something to chance. ]; 
order to be influential historically o1 
work must be taken up effectively 
later thinkers. Pythagoras was fortun- 
ate in that his speculations germinated 
in the mind of no less a thinker 
Plato. The Platonic world of ideas was 
developed from the Pythagorean 4d 
trine that number lies at the base of ; 
things in the real world. By arranging 
numbers in patterns of dots, accordin; 
to the Greek fashion, one begins to asso- 
ciate shapes with numbers; and thus 
Pythagoras was led to include form in 
connection with his doctrine of number 
as underlying all things. ‘‘So today,”’ 
says Whitehead, ‘‘when Einstein and his 
followers proclaim that physical facts, 
such as gravitation, are to be construed 
as exhibitions of local peculiarities of 
spatio-temporal properties, they are fol- 
lowing the pure Pythagorean tradition.’’ 

Between the epoch from Pythagoras 
to Plato and that of modern scientific 
discovery stretches a long period of de- 
velopment in which the human mind, 
building in each generation on the intel- 
lectual heritage from the past, has moved 
from one stage of conquest to another, 
very slowly at times, but with astonish- 
ing swiftness in recent generations. 
Great scientists, great philosophers, great 
mathematicians have sought to realize 
in some measure the abstract generality 
and inclusiveness foreshadowed in the 
speculations of Pythagoras concerning 
the nature of number and the nature of 
things. If Pythagoras could have fore- 
seen the issue he would have had one 
additional justification for the excite- 
ment which prevailed in his brother- 
hood. 

There is another aspect of Pytha- 
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gorean thinking about number which I 
must bring to your attention, owing to 
the important bearing which it has (in 
another direction) upon the problem of 
exact thought. The discovery in ques- 
tion has had a profound influence on the 
development of the modern theory of 
irrational numbers. To prepare the way 
for presenting this discovery let us first 
say a few words about the early Greek 
conception of number and of the place 
of number in a theory of measurement. 

The early Greeks did not think of one 
as a number: to them it was the unit 
out of which number is generated, while 
a number was always considered as a 
eollection of units. Thus for them num- 
bers were the positive integers 2, 3, 4, 
... Some of the later Greeks would 
sometimes speak of one as a number. 
What we would denote by a fractional 
number, such as #, the Greeks would 
subsume under the notion of ratio. The 
number speculations of Pythagoras 
would therefore be confined to the posi- 
tive integers 2, 3,4, ... , with the unit 
1 playing a special réle of its own. 

Measurement, in its primary aspect, 
consists essentially in the comparison of 
two given lengths. The Pythagoreans 
inclined, almost instinctively, it would 
seem, to express this comparison by aid 
of a common unit of length which would 
be contained in each of the given lengths 
an exact integral number of times. To 
get the effect of their point of view we 
might think of two lengths, one of 3 and 
4 inches and one of 2 and ;5 inches, 
for instance, as measured by means of a 
unit #5 of an inch in length, this unit 
being contained in the two indicated 
lengths 40 times and 25 times, respec- 
tively. If we should use a unit 5/12 of 
an inch in length, and hence five times 
as long as the preceding unit, then it 
would be contained eight times and five 
times respectively in the two given 
lengths. 

Now Pythagoras conceived the ideal 


lines present in geometry as natural ele- 


ments truly existent to the mind. His 
number speculations regarding the na- 
ture of 
him to seek a common unit in terms of 


things would therefore cause 
which to measure by means of numbers 
(positive any 
which might be presented to thought. 
And any failure in attempt 
would be a serious blow to his number 
speculations. Just such a 
fronted him. He observed the existence 
of two lines not having a common unit 
of measurement: and this fact produced 
much consternation. 

The discovery was made in this wise. 
Pythagoras, so it is said, had proved the 
general theorem that the square on the 
hypotenuse of a right triangle is equal 
to the sum of the squares on the two 
sides. Now consider a right triangle 
with two equal sides, and seek a common 
unit for measuring a side and the hypot- 
enuse. Suppose that such a unit exists 
and is contained m times in the hypot- 
enuse and n times in a side. m and n be- 
ing positive integers. 
of m is twice the square of n. 
the measure m of 
necessarily an even number. 
a perpendicular from the vertex of the 
right angle to the hypotenuse. This di- 
vides the original right triangle 
two equal right triangles, each of which 
has a hypotenuse of length n and sides 
of (integral) length 4m. Since n mea- 
sures the hypotenuse of one of the new 
triangles, it follows from the foregoing 
argument that n must itself be 
Since m and n are both even we may 
double the original unit of length and 
still measure the side and hypotenuse 
of the original triangle in positive in- 
tegers. But from the former argument 
these latter integers are both 
Hence the unit of length may again be 
doubled without interfering with the 
required type of measurement: and this 
process of doubling the unit of length 


integers ) two lengths 
such an 


failure con- 


Then the square 
Hence 
the hypotenuse is 
Now drop 


into 


even. 


even. 
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may be repeated indefinitely without 
hindering the measurements. Since this 
conclusion is manifestly absurd it follows 
that the original hypothesis of a common 
measure for the side and the hypotenuse 
of an isosceles right triangle is incorrect. 
Therefore no such common measure 
exists. 

This difficulty in the connection be- 
tween integral numbers and things was 
clearly perceived by the Pythagoreans. 
Whether the foregoing proof of the 
existence of this difficulty is that em- 
ployed by them I do not know, but it 
is certain that it runs entirely in terms 
of ideas to which they gave much atten- 
tion. The result confronted them with 
a great challenge in their attempt to 
think clearly about the nature of mea- 
surement; and that challenge has been 
highly fruitful of ideas and theories both 
in mathematics and in all those parts of 
science which depend upon theoretical 
precision of measurement. 

Here we find the beginning of that 
process by which mathematical analysis 
has, in modern times, been reduced to 
an arithmetical basis. Prior to this re- 
duction the conception of the continuum 
of points on a line and of their mutual 
distances as the basis of measurement 
was intuitional in character. The same 
intuitive idea also underlay the concept 
of continuous motion. In order that a 
particle might move in a straight line 
from a point A to a point B it was said 
to be necessary that it should pass 
through every intermediate position in 
the line. But there was a failure to 
make a careful analysis of what is meant 
by every intermediate position. As long 
as one relies upon a vague intuition of 
this everyness there is lack of clarity in 
thought; essential difficulties are in- 
volved which can be removed (if at all) 
only by a thorough analysis of the whole 
situation. 

You will not expect me to follow 
through in detail the arduous steps of 


progress from the Pythagorean discovery 
of the existence of incommensurable 
magnitudes, and hence of what we woy 
now call irrational numbers, to the 
modern analysis of the continuum of 
points on a line. It took the human 
mind well over two thousand years 
pass from the first step in this directio, 
to the attainment of a fairly satisfact 
foundation in relatively recent times 
But this development has proved itself 
essential in making secure the founda- 
tions of mathematical analysis and in 
providing an adequate theory for sci 
tific measurement. 

Kepler was convinced that God created 
the world according to number, and this 
conviction inspired his arduous labors ir 
seeking the real cause of planetary 
motions. He was not tediously search- 
ing for empirical rules: he looked for 
ultimate causes; he sought in number 
the secret of the Creator’s mind. It is 
an irony of history that Newton replaced 
his mystical doctrine of numbers with a 
mechanical explanation in terms of the 
laws of force and motion. 

The law of gravitation, as developed 
by Newton, is expressed by means of a 
very simple relation among numbers. 
Into this relation is incorporated a wide 
range of experience and observation; 
and from it prediction of further scien- 
tifie results can be deduced. There is 
probably no other law or principle in 
science whose history bears so many in- 
dications of distinction. The work of 
Newton is marked by a clarity and pene- 
tration of thought and a lucidity of 
reasoning not previously experienced by 
man in thinking about the things around 
him. The numerical precision of results 
is so great that even very small dis- 
crepancies between theory and fact must 
be revealed if they exist and measure- 
ment becomes sufficiently refined to de- 
tect them. Thus from precision of think- 
ing and clarity of result it became pos- 
sible to compare Newton with Einstein 
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and finally to accept the latter as against 
the former. Without the clearness and 


exactness of result contributed to think- 
ing by number such choice would be 


impossible. And after relativity has 
thrown so much of human thinking into 
flux and the stress of intellectual clash 
has finally subsided, we find emerging 
from the relativistic battleground at 
least one absolute of thought: there is 
nothing in the theory of relativity to 
alter the count of a finite collection of 
objects. The absoluteness of the positive 
integer is vindicated even in the theory 
of relativity. 

Though irrational numbers are neces- 
sary for an adequate theory of measure- 
ment there are still wide domains of 
science in which the positive integer 
reigns supreme. It lies at the root of 
the atomic theory. It has attained a 
new dignity in modern quantum phe- 
nomena. If it should turn out that space 
and time, as well as matter and energy, 
are atomic in character, it might very 
well happen that a new foundation for 
science would be laid entirely in the 
theory of positive integers. This would 
certainly serve to redirect the labors of 
mathematicians in the theory of num- 
bers; and in science it might carry us 
far back toward the original views of 
Pythagoras. 

One of the most marked relations of 
number to clear thinking in biology is 
that involved in the Mendelian theory 
of heredity: and here it is essentially 
the positive integer which plays the lead- 
ing role. This theory affords good evi- 
dence of the importance of number in 
stimulating clarity of thought and in 
leading the way to developments having 
wide contacts and yielding far-reaching 
results. 

We may allow the statistical element 
in the results of Mendel to remind us 
of the very considerable range of phe- 
nomena which are accessible to clear and 
precise thought only through the use 
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of statistical methods—and these depend 
intimately and essentially upon number. 
But we can not feel highly elated over 
our success when we remember that even 
the wide use of statistical methods has 
left us unable to clarity of 
thought about the weather, even though 
there is nothing else with which we have 
lived longer or more variously. 

We have always realized our failure 
to understand the 
But we have sometimes carried out pro- 
cesses of thought, for a 
time that clarity had been attained by 
aid of numerical 
afterwards had the experience of 
ing that what was accepted as valid and 
important has not continued t 
the confidence that it had once inspired. 
Not even the presence of number is suf 
ficient to always save us from stupidities. 
In the older psycho-physics, for instance, 
there seems to have been a misleading 
precision in some of the exact formulas 
put down as the results of experiments. 

It must also be remembered that there 
are important chapters of science which 
do not come readily under the domain 
of number. Witness much of biology 
and in particular the theories uf phylo- 
genetic development. As another ex- 
ample: It is difficult to see how the 
Gestalt psychology, with its emphasis on 
form and configuration, can be reduced 
fundamentally to terms esssentially in- 
volving only number. The task is even 
more forbidding in the case of psycho- 
analysis. 

But enough has been given to show 
that precision of thinking may inhere 
in living thought and be supported by 
number; it is not solely the dead bones 
of truth that are subject to numerical 
precision. The changing contour of an 
organism of knowledge which 
with life may be understood in the rela- 
tions of its parts with a precision com- 
parable to that which reigns among 
numbers; and exact numerical conditions 


attain 


weather intimately. 
where it seemed 


exactness, and have 


a 
find 


carry 


pulses 
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are often the means by which we under- 
stand the active life of living thought. 

If I may be allowed to vary somewhat 
an English translation of a stanza of 
Schiller’s, I may speak thus: 


Augustan epoch flowered, 
Maecenas favors showered 
Ever Number Science on; 


No 
No 


She was not by glory nourished 
And her blossom never flourished 
In the rays of Royal sun. 


On the contrary the development of the 
science has grown out of the delight 
experienced by certain intelligent spirits 
in unfolding the relevant concepts and 
drawing appropriate consequences. And 
such delight is all the justification 
needed for any conquest over ignorance 
—the sort of conquest that never leaves 
any lingering regret—or any Polish Cor- 
ridor. But the human mind is so consti- 
tuted that when one thinks for sheer joy 
he is very likely to run into matters hav- 
ing philosophical implications. This 
and the fact that abstract number theory 
arose in a school of philosophy might 
lead us to expect that number has impor- 
tant contacts with general speculation. 
We shall now see that this is so and more- 
over that number has so tamed the beast 
of speculation as to bring some of his 
wild jungles under the plow of intellec- 
tual cultivation. 

But before we take up that matter let 
us digress, by way of recreation, to hear 
a warning to any mathematician (if one 
exists) who is inclined to trust too much 
to his power and facility in handling 
numbers. This warning will be pre- 
sented in the quaintly harmonious 
phrasing of an old English poem having 
peculiar and haunting rhythms. The 
verses run as follows: 


He that seeketh to compute his way to the won- 
ders of mathematics 

And delighteth not in ideas 

Shall be grievously tormented: 


In anguish he shall die in the wild jungles 
formulas, 

His heart shall be pierced by the 
symbols: 

But he that meditateth frequently in sile: 

And seeth the truth oft without symb 

And delighteth much in ideas comprehend 

Shall get marvelous strength from th: 
ous symbols 

And tame the jungles of wild formulas; 

He shall roam at his will in their borders, 


Unfolding the truth for the ages; 

And in joy he shall bring the gift of h 
ing 

And bestow upon man a perpetual bless 

And for a while he shall be gratefully 
bered: 

But he that seeketh to compute his way t 
goods of the science 

And delighteth not in ideas 

Shall be grievously tormented: 

In anguish he shall die in the jungles of y 
formulas, 

And oblivion shall cover him over with ki 
forgetfulness, 


If this recreation is insufficient and 
you do not yet feel like submitting your 
mind to the arduous task (now 
us) of engaging in abstract consid 
tions about infinity, I would suggest 
you a little exercise in applied philoso- 
phy: while I talk about infinity, 
some other things of like magnitude, 
might amuse yourself by considering 
whether an after-dinner lecture is rea 
infinite in length or only seems so. 

As I proceed, you must understand 
that I mean to talk about what is rea 
infinite and that I am not using the w 
loosely and irresponsibly, as Southey d 
when he said (in 1796) that ‘‘the num 
ber of fools is infinite.’’ 

The subject belongs to the domain 
number as Locke had already divined 
1697 when he said: ‘‘Our idea of infinity 

. seems to be nothing but the infinity 
of number.’’ 

The unlimited straight line can not be 
measured off by the repeated applica- 
tion of any unit of length, however 
great; beyond any point on it which we 
can imagine, we can think of another 
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further away, and of another be 
We may therefore 


leneth 


this; and so on 
that the 


ine segment, however short, may be 


line is infinite in 


ated into equal parts; and each of 
parts may be separated into halves; 
these latter may again be so divided ; 
| so on without end. A line segment is 
itelv divisible. 
However far back into the past we ex 
tend our thought, we can conceive a time 
earlier, and then another preceding 
is. and then a still earlier one, and so 
mn ad infinitum. Beyond any future 
eoneeived we can think of another 
st) more remote. Time seems to be 
infinite in both directions 
There is a shorter distance than any 
we have measured and a longer than any 
we have conceived. No clock can fix an 
interval of time so short that we can not 
shorter. No 


astronomer has used so long a period 


conceive a geologist or 
that we can not think of a longer. 

All these things bring the infinite to 
ur thought ; but the infinite as it emerges 
here appears always in a negative aspect. 
It is that which is not attained to by the 
finite. Sueh an 
incoherent thing which remains over and 
reach of the finite. These 
the infinite to us 
only as that which is not something else, 
that which is not the finite. But we can 
hardly come to understand the infinite 
merely by saying what it is not. If we 
are to be clear in our thinking about it 
we must say what it is. 

The notion infinity appears in mathe- 
maties in two essentially different ways. 

If a given magnitude z is variable and 
is subject to a law of variation such that 
x becomes and remains larger than any 
magnitude that 
may be named, then z is said to become 
infinite. If a positive variable becomes 
and remains than 
magnitude, however small, then we say 
that x is infinitesimal and approaches 


infinite is that vague 
beyond the 


conceptions present 


whatever preassigned 


less any assigned 
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These eo 
the infinitesimal 
infinitudes of n 
about 


W hile 


division 
already. 
usually 


cated, it 


plicable 


definit 
run e 
that no transcendent 
involved in the 
Here we have not 
the infinite but rather 
variation. 

The most remarkable, and 
time the most characteristie, 
cal doctrine of the infinite 


belongs to the tThneory of the 


si) ("¢ 
infinite classes 


infinite aggregates or 


is defined by means of numbers in ae 
cordance with the prophetic dictum of 
While it may be 
true, as Samuel Johnson said to Boswell 
on March 16, 1776, that all 


equally capable of attaining the science 


Locke already quoted 
minds are 
Johnson 


that 


makes a 


of numbers, it is also 


true, as 
further said on the same 
the 


great difference in the facility one 


occasion, 
type if one’s education 
nas in 
understanding of 


[ shall 


»aSK Vour patient atten 


penetrating to an 
number-theoretic considerations 
therefore have t 
tion to some preparatory details 
are to understand the definition 
nite classes now about to be 
Suppose that you are in 

country and are attending a party where 
I may speak formally, as 
that for 


man 


it is known (if 
the 
woman 


mathematicians do every 


present there is a present 


who is her husband and that for every 


man present there is a woman present 


who is his wife. Then you do not 


those in attendance in 


count 
know that the number of men pre 
the same as the number of women. Since 
by hypothesis this is taking place in a 
marital relation 


Christian country, the 
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establishes a one-to-one correspondence 


unfortunately, we can only hope that it 
is a permanent one) between the men on 
the one hand and the women on the other 
of such sort as to imply equality in the 
numbers of the two sexes present. More 
over, you would also readily know some 
thing more about this group of men and 
women, as we shall now see. 

Suppose for the moment that the men 
are all placed in line and that each 
woman takes a position just in front of 
her husband—it seems to be the present- 
day expectation for her to be thus a little 
ahead of him. This will exhibit to the 
eye the one-to-one correspondence al- 
ready mentioned. Now suppose further 
that the men remain in position while 
the women assemble in a group and then 
separate again, each taking her position 
in front of a man but not necessarily in 
front of her husband, getting ready, let 
us say, to go out to dinner. This ar- 
rangement will set up a new one-to-one 
correspondence between the men and the 
women—let us hope that it will be a 
temporary one. It will be found, as you 
will readily agree, that the one-to-one 
correspondence is complete in the sense 
that there is no man not accompanied by 
a woman and no woman not accompanied 
by a man and that to each person of 
either sex there is assigned just one per- 
son of the opposite sex. <A trivial obser- 
vation, you may at first be inclined to 
say. Not at all. It is a fundamental 
fact: indeed it is perhaps the most im- 
portant fact there is about two equal 
finite classes when considered from the 
point of view of finiteness and equality 
of numbers in the two classes. 

This observation may indeed be used 
to define a finite class. A class A is said 
to be finite if there exists a class B whose 
elements can be put into one-to-one cor- 
respondence with the elements of A and 
if furthermore it is true that however 
the elements of A (without omission) 
are put into one-to-one correspondence 


With elements 
pletely exhausts 

If this definition 
be well to go over it agah 
the class A as the men in 
party and the class B as the wor 

A corresponding definition 
classes may be given. <A class | 
to be infinite if there exists 
whose elements can be put int 
correspondence with the eleme) 
while at the same time it is truc 
elements of C (without omission 
put into one-to-one corresponde 
a part of the elements of D, som 
elements of D (or at least one 
being omitted in this correspon 

If vou have never before t] 
these matters such a thing may w 
to you to be impossible. But, 
actually do exist infinite classes 
sense of this definition, vou ma\ 
be convinced in the following wa: 
us think of the totality of all 
integers 1, 2, 3, . . , attaching 


of them the color blue (or writing 


a blue pencil) for the sake of ident 


it as belonging to this particular 
We shall now prove that these b 
tegers form an infinite class, in 

of the foregoing definition. To 
let us exhibit the class of red 


1, 2, 3, . . . (written, let us say 


red pencil A one-to-one cor! 


dence between these two classes 1 
set up by making the following 
spondences : blue 1 to red 1, bl 
red 2. blue 3 to red 4 and sO On 


I) 


correspondence each class Is uniq 


exhausted. But note also that w 


make the blue integers correspo! cl 


pletely, in a one-to-one way, to a 
the red integers, as follows: to 


art 


assien red 2: to blue 2 assign red 


blue 3 assign red 6; and so on: 


blue number assign the red n 


which is just twice as large. \ 


agree with me, I believe, that 


+} 


integers are uniquely exhausted a 
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+ 


dlence Witl 
rec ] revers, indeed W 


every other one of them and 


just half of them 


e blue integers therefi 
which is infinite 
definition 

that the 


nfinite class 


ine 


arly rec 


ul will observe that the definition 


te class which we are now employ 


is not a negative one In this defi 


nition we do not define an infinite ¢ 


ass 
by saving what it is not, but by saving 
what it is. This conception of infinity 
great 


W hil 


the inventor of this 


en it first appeared, marked a 


forward in clear thinking 


step 
may be true that 


lefinition, as well as the mathematicians 


who have followed him, have been too 


profoundly convinced of its importance 
to present it in the colorful holiday garb 
which | have introduced here, it is ney 
ertheless true that the playfulness has in 
no way the fundamental idea 
inderlying the definition. It is hoped 
that the Christian party and the colored 


obscured 


numbers will afford an aid in remember 


ing one of the most fundamental facts 


about 
one which separates them most sharply 


finite 


infinite classes; indeed, just that 


and most characteristically from 
ClLaASSeCS 

In the case of the two infinite classes 
which we have had before us, namely, the 
blue integers and the red integers, it will 
be remembered that it was found 
ble to put the 
correspondence. 
whether 


p SS] 


classes into one-to-one 


The question naturally 


arises two infinite classes can 


always be put into one-to-one correspon 
dence. The answer is that this can not 
» eX 


that 


always be done, that it is possible t 
hibit pairs of infinite classes such 
elements of the two classes in a pair can 
into one-to-one ¢ 


not be put 


This justifies us 


rrespt mn 


dence. in saying that 


infinite classes exist which are not of the 


same magnitude. If two finite classes 
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of length one 

statement may 
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speculation, I would like to reassure you. 
The propositions which we have asserted 
will bear the closest scrutiny. They in- 
dicate merely some of the first stages by 
which mathematics has conquered from 
metaphysics a most productive region of 
the domain of infinity. 

If you are one of those energetic indi- 
viduals who like to jump from exact 
thinking into speculation, the definite 
conquests in the field of infinity will 
afford a convenient point of departure 
for such a leap. You might, for instance, 
inquire whether the infinite universe of 
nature (if indeed it is infinite) is of such 
an order of infinitude (with respect to 
the number of miles across it) as the 
class of all positive integers (with respect 
to the number of its elements) or of some 
other order, as, for example, that of the 
number of points on a straight line. If 


you wish, I say that you might engage in 


such speculation: but I shal 
attempt to pursue it with you. 
The conquest of the infinite h; 
minated a large section of mathe) 
It has helped us in unexpected w 
making the logical foundations 
science more secure It has led t 
understanding of the nature of fm 
and of the functional relation 
given us a penetrating insight w] 
clarified the whole of mathen 
analysis, just that part of mathe 
which has been most useful to the 
ural sciences. The development 
theory of the infinite and the uss 
where in mathematies of the noti 
which it has given rise have beer 
sourees of great intellectual and est 
delight to some of the finest spi 
our race—and human experience 
yields a better intellectual fruitage t 
such delight. 





PUBLIC HEALTH PROGRESS IN CHINA 


By Dr. EDWARD H. HUME 


YALE-IN-CHINA 


[HE visitor to China who has not seen churian 
country for ten years is probably The work 

re impressed by the development of twenty ve: 
dern health consciousness there than domain 
any other single factor. Modern  riologica 
ldings were under way, railroads and _ tional 

tor roads had started, education was 

source of national pride even befor: 

at period; but up to 1925 there was no 


tional sense of responsibility for the 

health of the people. In one or two cen 
there were government medica ‘ing event 

schools, the two most prominent being Maritime C 
the Army Medical School and the Naval tional Quarant 
Medical School. There was, however, no later outbreak 
national center dealing with problems of | of Shansi in 1917 
health and no provincial organization ment of the | 
which could be held responsible for a tion Bureau 
provincial health program. As early as center there hi 
1920 the Province of Canton had seen creasing output 
the need of a public health program and — products whiel 
had established a health administration mand throug! 
under Dr. 8S. M. Wu as commissioner of of inestimable ser 
health. Special attention was paid to infectious diseases 
sanitation, disease prevention, public By September, 1925 
health education and vital statistics. stration Station was 
The plans were full of promise but were Peiping with the object 


ot uniformly enforced. It was a begin- public health work 


ning, however, and Canton has to-day of providing fa 

taken its place as an active center of the public healt! 

public health movement. One ean not Peiping Uni 

date the beginning of public health station prov 

activity in China with Canton and fail work—genera 

to record the remarkable work done by medical services 

the Manchurian Plague Prevention Ser-  municable disease 

vice under the direction of Dr. Wu department was created 
Lien-teh. Trained in publie health in municipality and placed under th 
England, it was the disastrous effect of tion of Dr. T. F. Huang. Thi 


the pneumonic plague in North Man- ment was conspicuous because 


ehuria in 1910 and 1911, which invaded on the registration of medica 
almost every large city in Manchuria as __ titioners and because it was the first 


well as many cities in North China, that to establish formal training in 
ed to the ealling of an International wifery. Dr. Marion Yang, wl 
Plague Conference in Mukden and the made a special study of midwif 
subsequent establishment of the Man- Europe and America, was app 
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director of the First National Midwifery created. So far, four health cent 
School, which was opened in Peiping on been organized, and the work 
November 1, 1929. Clinical material units is a conspicuous illustrat 
was made available in an adjoining modern public health progran 
maternity home four districts are Kaochiao, W 

After the establishment of the Na Kiangwan and Nantao. The ¢ 
tional Government at the new capital in sioner of health has announced 
Nanking in 1927, a Ministry of Health of the Bureau of Public Health 1 
was created in 1928. Two years later its make the residents of Shanghai he; 
name was changed to the National happier, more efficient, and to 
Health Administration, which has con- them to live a greater span of lift 
tinued to function under the Ministry of In 1929 a public health depart 
the Interior, with Dr. J. Heng Liu as its — was also established in the capita 
director. On July 1, 1935, the National Nanking. It is a municipal organ 
Health Administration was made a_ subject to the supervision of the Nat 
direct responsibility of the Executive Health Administration. The capit 
Yuan, thus placing Dr. Liu in immediate fortunate that the Health Adminis 
relationship with Mr. Wang Ching-wei, — tion includes such a group of units as 
the president of that Yuan. In other Central Field Health Station, th: 
words, the health responsibility of China, tral Hygienic Laboratory, the ( 
which was only a hope in seattered prov- School of Midwifery, the Central H 
inces a few vears ago, has now been _ pital and the Central School of Nurs 
vigorously assumed by the executive These make possible both a nation: 
branch of the government and made a_ a local emphasis on_ health 
matter of great national concern. never appreciated before 

In August, 1929, the area known as To quote a recent sketch by Dr. J 
Greater Shanghai was provided with a  H. Chun in The China Critic (Jw 
department of health. Here in the short 1935): ‘‘It will at once be apparent 
space of three years, Dr. H. K. Hu the outlook of public health work 
organized a new service and divided the taken on a national character. Wit! 
activities of the health department into motive power central in the capita 
four groups—vital statistics, health edu we find the provinces and large cities 
cation, meat and dairy inspection and undertaking new activities in p 
communicable disease control. After the health and medical work. Newly 
untimely death of Dr. Hu in 1932, Dr. lished health departments are spring 
T. A. Li was appointed to the post of up in one provincial capital afte: 
commissioner of health, and because of other, and technical institutions aré 
the sympathetic support of the mayor of | stantly being added so that we now 
Greater Shanghai has been able to am- a fair number of hygienie laborato! 
plify the work of the department and to midwifery schools, public clinics 
extend it in many directions. Conspicu- municipal hospitals.’’ Moreove) 
ous at the health center is the large registration of over 6,000 physi 
municipal hospital with 500 beds whose practicing modern medicine is 
buildings will shortly be opened to the under way, while the 250 missio1 


public. Provision has been made for an hospitals and several hundred othe 
infectious disease hospital nearby, and pitals are to be counted on as a part 
an active laboratory service is already the total medical program 

under way in the central office building The National Health Administra 


of the department. Greater Shanghai is is now establishing a new outreach 
subdivided into thirteen districts, in each the provinces. Health commissio! 
of which a special health station is to be have already been appointed in Hu 





PUBLIC HEALTH PROGRESS IN 


\ianesi, In Cheklang, alo 
tze River. Similar appo 
yresently be made for the 
lupei, Anhwei, Szechuan ane 
Central Government has 
ted health commissioners t 
western group 0 provinces 
si, Kansu, Chinghai and Ninghsia 
extension of public health activities 
the northwestern area has _ been 
tly facilitated by the experienced 
missioners lent to China by the 
vue of Nations. Dr. Borcie served 
n 1931 to 1934 and has now been 
succeeded by Dr. A. Stampar, that dis 
ished Yugoslavian public healt! 
rker so vividly deseribed in ‘* The 
’s Return,”’ by Louis Adamic 
the title, *‘ Doctor Hercules.’’ It 


tive 
nde! 
\ be recalled that Adamic speaks of 
Dr. Stampar in these words: “Of the 
prominent men I really liked and ad 
red only one—Dr. Andriya Stampar, 
public-health expert who, in the last 
ecade, developed in Yugoslavia a sys 


l 


em for looking after the people's health 


ich, to my mind, is one of the most 
ramatic and noteworthy achievements 
n Europe since the war 
In May, 1935, Dr. Stampar reported to 
the National Health Administration on 
e development of health institutions in 


e northwest provinces, laying great 


stress on the recent growth of commun) 


ations in that area. The Lunghai ra 
east coast of 


way now reaches from the 
China to the capital of Shensi Province 
a distance of 1,200 miles. Motor busses 
in from this capital to the capita 

Kansu, a trip still requiring four days 
Air services, however, have been estab 
shed and make communication prompt 
and effective. The railway line running 
from Peiping out along the 
aspect of the Great Wall make it possible 


northern 


maintain excellent communication 
etween the eastern provinces and that 
orthwestern area which was until re 
(*¢ ntly regarded as a sort of ultima thule 


Some of the noteworthy elements in 


running 
number 


heen ¢ Nannine 


riven vacclnatl 


SMailpoxr 


om sheep 


(lisease, from @ 


The capital 


| ) 
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HINA 
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set up active supervision of slaughter 
houses and dairies, with special attention 
paid to the animals to be used under the 

The 

and 
numbers of 
the 


military authorities. manufacture 


of anthrax vaccine mallein was 


he rses 


the 


started, and large 


were vaccinated at request of 
military authorities. 
2) Provincial health 

been set up in Shensi, in Kansu and in 
other Shensi 
the two chief units were a school health 
The for- 
‘*paid special attention to health 


centers have 


adjoining provinces. In 
center and a midwifery school. 

mer 
education by means of meetings, health 
health 
The meetings were attended by 
4,000 persons 
the 
Forty-two were enrolled in other courses. 
The sehool health 
plied with posters, books, models and 
health 
From the beginning of activities of the 


exhibits. 
about 
Thirty two teachers took 


education and 


COUrses 


course in training for teachers 


centers are well sup- 


publications for exhibitions. 
school health center, 6,639 students were 
examined, and of these 5,937 students 
were found with remediable defeets.’’ 

attention was given to the 
the 


and 


Special 


students in such institutions as 
School of Hydraulic 


the Northwest Highway Administration. 


Engineering 


Here the most prevalent disease among 
students was found to be trachoma, for 
which nearly 30,000 treatments were 
given during the eight months ending in 
May, 1935. 

The 


school, 


the 
given by the 


second unit is midwifery 
land 


Provincial Government with the aid of a 


erected on 


special donation from a Chinese philan- 
thropist in Singapore and a special grant 
from the British Boxer Indemnity Fund. 
The school has a maternity home with 
forty beds attached to it and is responsi- 
ble for maternity and child 
work. In the first nine months, over 600 


welfare 


cases were attended in this home. 
In the neighboring province of Kansu, 
the health center included a public dis- 
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pensary, school health work thr 
the eight high schools of the eapit 
with regular physical examinati 
school health training courses es; 
for primary school teachers. On: 
experiment here is the control 
wives of the older type. In the \ 
of Lanchow the City Police Depart 
compelled the enrolment of 37 m 
of the old 


cleanliness 


wives for several mont 


and prenatal hygien: 
police force itself was required t 

courses in publie health edueat 

a number of public health nurses 
employed to explain health matt 
patients waiting in the dispensa: 
addition to this, special health 
were given which attracted severa 
sand people and provided a thor 
method of 


know ledge. 


Chinese extending 
Dr. Stampar reports how deep: 
impressed with the fine spirit and e1 
siasm which have prevailed among 
staffs of the provincial health cent 
the northwest. Fortunately, as he p 

out, there has been, concurrently, 


eral improvement in agricultural 1 


ods in the establishment of schools 
communications and in the rigorous 
paigns for the suppression of opium 

Before long, similar reports on p 
health 
other areas in China. 


available 
The Provine 


in ext 


progress will be 
Kwangsi has become energetic 
ing communieations and edueation 

shall presently hear great things al 
its activities in public health SO, 

as the communist armies have 
driven out of the 


Kweichow, and out of large portions 


Provinces of Y 


the Province of Szechuan, reconstru 
work, particularly in public healt! 

take the place of the dissipation of 
vineial resources that has been prev: 
Public healt! 
become a reality in China and its op 


in these three areas. 


tunity is boundless. 





IN QUEST OF GORILLAS 
II. TANGANYIKA SNAPSHOTS 


RATOR OF COMPARATIVE ANATOMY AND OI! 


HISTOR PROFESSOR OF 


\ pAY ashore at Mombasa was crowded 
The 


ont red or vellow in eolor: upon this 


eolorful sights land itself is 


IS the rich green ol the tropical Trees, 


uding breadfruit, papaya and cocoa 
folk 
evident 


nut palms. Black swarm every 


where, some with traces of the 
blood 
whose fortress and trading-station Mom 
Each 
an irresistible quality 
comicality, if you will, of which I never 


tired 


massive noses and 


of the old slave-raidine Arabs, 


was. black face shines with 


basa 


of quaintness or 


Many are bovine and placid, with 
mouths; occasionally 
look crabbed and cynical; 


old men 
the little boys’ eyes sparkle with fun and 
the tiny children either run away from 
with a 


and eome out 


salute. 


squeal or 
snapp) The 
lithe straight amazons to weary and flac 


\ ul 


women vary from 


eid drudges. Noses usually are of a 
generous breadth and flatness but some 
Hamites 


be ar a 


are narrower, recalling 
and Arabs. 
pronounced and regular ‘‘Cupid’s bow 


the 


times 


Thick lips usually 


innocent of 


Amer! 


Hair is frankly woolly, 
anti-kink decoctions favored by 
can Negroes. 

In Mombasa, as in other East African 
places, the old Portuguese and Arab in 
fluences are now more or less overlaid by 
the flood of Indians, both Hindus and 
Moslems. The English seem to hold only 
the few higher offices in the banks and 
government bureaus, while the Indians 
fill most of the clerical jobs and interme 
diate positions between the English at 
the top and the blacks at the base 

Thus the old and the new are jumbled 


PALEON 


By Dr. WILLIAM KING GREGORY 


rHYOLOGY, A 


evidence 


ered am 


at or nei 
Also, thro 
their midw) 
spread ; mo 
distended 
worms or 
very higl 
poIsoning ana 
In Mombasa 
a few asses at 
spoke of Nort 
Arab influences; 
animals as we 
in equatorial Afric 
eount of the tsets« 
sickness The ave 


In fact succeeded 


immediately 


erowded by age of the tippoy (or sedan 


of the 


together. Ox-cearts are 


American, when this 


French and English ears, age horse, 
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played so great a part in all the actions 


and war, is conspicuously 


Or peace 
absent in equatorial Africa. 

Another relic of North African, Egyp 
tian or Arab influence we saw that day 
was a dromedary walking around a cir 
cular track and thus turning a millstone 
During our ride in the environs of Mom- 
basa we passed villages of thatched mud- 
huts, droves of goats and sheep and hun- 
dreds of Africans trudging along with 
loads on their heads or sitting at ease in 
front of their huts 

Then we drove back to the city past 


large roads. bor- 
After re 


about 


walled gardens, along 
palms. 
turning to the strolled 


In the park was a gigantic and 


cocoanut 
hotel we 


with 


dered 
town. 
distorted baobab tree, which was brilliant 


with red flowers; 


squeaking bamboos and other 


After dinner at the hotel we went 


back to our ship for the night. 


trees 


After this foretaste of Africa we were 


vlad enough when, two days later, our 


ship put in to the harbor of Dar-es 
p } 


Salaam and we went ashore with all our 


impedimenta to the customs house 


THE SCLENTIFIC 


here also was a grove of 
strange 


MONTHLY 


to the New 


E 
46 + 
4am 


We went 
relic of German 
Tanganyika Territory 
spacious and more or less Arabize: 
building with large arched pore! 
high-ceilinged rooms, a central e 
swarming black boys in white 


garments. A small tame 
the 


were obliged to stay from July 


browsed in inner court Her 


July thirteenth, waiting for the bi-w 
Tanganvika. Ws 


‘*‘winter’’ 


train for Lake 


arrived in the season, al 
heat 
fact, the tropical 
surprised us by its moderation, alt 
doubtless if we had 


dened with heavy marching equipn 


means 
African 


Was by ho Oppressive 


SUN a 


soldiers 


been 
we should have been less pleased Wii 
weather. 

At Dar-es-Salaam 
deal of tedious business to go 
burad 


there was 


thi 


especially the customs, the 


fell chiefiy 


which our leader 


Raven: but I was free to come and eg 


upon 


My first walk was along the 
beach of the outer 
into the Indian ‘¢ 


will. 
ful white 


which opened 
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CHILDREN OF INDIA AT MOMBASA 


‘sun at midday was undeniably hot, 

no worse than it often is in New 
York, and my first lone ramble in Africa 
was richly rewarded by various small but 
nteresting bits. After picking up many 
kinds of beautiful seashells | saw small proximatio 
izards chasing each other over the black ronment 
ened shell-rocks. The lizards were black, natural 
dappled with gray spots, and were ex mutations 
ceedingly difficult to see when they sat 
still on the rocks. They reminded me of optimum e¢ 
he dead-black lizards on the black vol- environment 
canie rocks of the Galapagos Islands, of _ finitely 
black crabs on black rocks, of gray crabs — individuals 
n grav rocks and many similar cases of — that nat 
protective coloration which have come — results already 
nder my personal observation. At that advances toward 
very moment a ghostly beach-crab re- environment 
vealed his position by moving. I gave Ina few mi 
im a lively chase. While he was run- place of numer 
ning he was easily visible, but at the dappled fishes 
moment he stopped he instantly disap- skippered about 
peared from view, his colors blending | ish-gray bottom 
perfectly with that of the sand. In view they would s 


many such facts it is small wonder but if I let ft 
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or of my hand fall 
out of sight 
little 

stripes were doubtless young per 
s ol 


Hies when | pretended 


sprang instantly 


larger fishes with vertical 


These darted about 


some sort 
) try To grab 


The extreme agility of tide-pool 


shes has long impressed me as a fine 


keenness of sensation and 


iple ot 


ection of locomotor control 


\bove me the bird world swarmed in 


elear sky. There were soaring kites 


swifts, while a 
the difficult 
vering, before shooting down after a 

A few dignified cranes stalked in 
e distance. 


darting kingfisher 


performing 


feat of 


On the walk home busy 
ittle finches, jerky wagtails and aggres 
chattered and flitted 
uit. The ubiquitous Africans work 


ive weaver-birds 


ng on the road were elad to 
toward 


stop and 
the 
Coming to a stone balustrade 


in their broad muzzles 
stranger. 
near the hospital grounds, I began a 
ively game of hide and seek with a large 
lizard of the skink family. No 


ow cautiously 


matter 
I would poke my head 
wer the balustrade he would jerk back 
through the open spaces to the opposite 
He was far more determined not to 
be eaught than I was to catch him and | 


side. 


left him, marvelling at his competence in 
ooking after his own safety. 

One afternoon we hired an auto and 
drove out in the country to a fishing 
The fish 
brought in and disposed of, but we were 
much that the 
people used outriggers on their canoes, 


village on the coast. had been 


interested in finding 
which reminded us of those used by the 
It would seem less fanciful 

assume that the outrigger had been 
nvented twice rather than that the cus 


Polynesians. 


tom had spread from Polynesia to east 
\frica. little 
frightened by our pointing our cameras 


One girl was terribly 
at her, but her father reassured her with 
the gentleness that seemed everywhere 
characteristic of the Africans in dealing 
with their children. Some of the fisher 
men had beautiful Jarge seashells, which 


on the water 


GORILLAS 


manne! 


baggage was 


or our lon 
and o1 
cessary 


Next 


Salaam, 
} } 
aisp sec 


pleasul 


when 

the general 
Soon afterward 
of it from 
to think it 


surgeon-fish gro which I had 


memory ! am ho 


was member 


wanted to see its evolut 


; 


interest, as connect 


surgeon-fishes normal bass 


like 


made SO 


types. B observations were 
; standing ll 

ibbub, that | 
oncealed 

Hence 


diagnostic aracter « the 


market in 
think to 


the side 


surgeon-fi 
present 


+ 


meri 


up ! 


‘ 
east ) 


| had known mue 
jects the elements 
and puzzlement w 
absent, while if I had 
| shouldn’t have been in 
So perhaps I was fortunate 


to know any more 
after having read a 
its g 


eology, anthrop 

that | 

known less 
At last we 


couldn’ 


seems 


were 





westward across 


Tanganyika At 


coastal plain, a moder 


and with plantations of 


cocoanut palms; then we began to wind 


uur way up the rocky escarpment to the 


high central plateau which forms 
of Africa 

The railroad 1 
The 


digious amount of wood, and the 


vrreater part 


orms a wide desolate 


strip c~omMmotives consume a pro 
cutting 
has devastated the 


and burning country 


far on each side. Game used to be abun 


dant, but now it was only by constant 
watching through the long hours that we 
were able to see a few duikers, a wart hog 
and its young and several small groups 
of impalla antelopes, some of which 
leaped high in the air 
The people whose villages lie along the 
railroad cut the trees for the locomotives 
and abandon the villages when the trees 
They 
keep a few 
They 
Sir Harry 


‘eattle-keeping aristocracy,’’ 


round 
cattle, 
the 


Johnston 


are all cut down live in 


straw huts and zebu 


and sheep are thus 


voats 
fringes of what 
the 
who are straight-featured, handsome ne- 
the south- 
ern Abyssinians mixed with the forest 
Negroes. The women, as usual, till the 
fields and fetch the Little boys 
drive the cattle home from the stubbly 


calls 


groids, derived mostly from 


water. 
pastures. On this plateau the flat-topped 
acacia trees dominate almost as much as 
the eucalypts do in Australia. 

Then we began to move down into the 
but 
known as the eastern rift valley 


which is 
This 


is, of course, part of an enormously long 


vast shallow depression 


system of troughs, lake-beds and border- 
ing mountains that straggles all the way 
from south of the Zambesi up through 
the African Palestine.’ 
From the hazy silent plain rounded hills 


great lakes to 
or kopjes slowly appeared to rear them- 
selves in the distance 

1 J. W. Gregory, ‘* The Rift Val 


Great 


titans; 


chained mie 


wrath of Jove. 


fourht against 


were no puny 


I vranite 


ements of 


ilders: 


with mighty D 


contusion and 


Low hung the bil 


legions numberless man: 


all the illimitable blue 


the iron gate at the end 


lift up mine eves unto the 


spirit is filled with awe and ¢ 


Up the other side ot thre ritt 


the train wound its slow way 


up through rocky passes to a st 
vuld Lo KK bh 


plateau, where we ¢ 


right angles to the very long st 


track where we had crossed tl 


For a night and a day we travele 
this plateau region of inealeulab 
According to the ve 


this plateau has never been covere 


tiquity. 


the thick mantle of marine rocks s 


are found in Europe and Asia 


it has been fractured and broke) 
huge block-like areas which have sufi 
warping and vertical displacement 


We 


the mountainous plateau on the 


continued on and up and 


side of the eastern rift valley unt 


last we reached the headwaters 


river that flows downward toward L 
Tanganyika. Following down this 


lev, which grew more and more 


vreen, we descended toward 
At last. after two nights an 
the 


through a break in the rim of the 


and 
lake 
day on crowded train, we pas 
on the east side of the lake and sudd: 
came out at Kigoma on the east sho 
Tanganyika, one of the most beaut 
of the African ** But al 
this more later. 


We stopped beside a huge 


04 lak 
vreat lakes 


recent 


embankment, vividly red and flank 


spacious, smooth red plaza with bi 
Willis, ‘‘ Living Afriea,’’ 193 


2 Bailey 























CONGLOMERATE AT KIGOMA 


freshly whitewashed trimmings. What 
ahubbub! <A swarm of comical blacks 
rushed into the car, jabbering and strug 
gling to seize and carry off our baggage 
on their thick-topped heads. Imitating 
the usual manner of the white man in 
Africa, I yelled at them, pushing all of 
them back, and made one of them pass 
one piece of hand baggage after another 
through the window to those waiting out 
side, where Raven and the others lined 
them up. In a few moments we started 


off in a procession to the imposing white 


railroad station that rears itself high 
athwart the end of the railroad. All our 
personal baggage was accounted for, but 
the bageave-car containing our extensive 
equipment would not arrive until later, 
perhaps the next day, perhaps after our 
boat had left Kigoma! 
Then we went up the 


long red hill 


+ 


the **Greek hotel,”’’ which, fortunately 





AT ENTRAN 


enougti Was 
ers For 
d’ Hanis. 


tied up at 


( 


captain very 
tO come ol 

occupy cabins 
until a smalie 


to Start on 1Ts 


steward kept 
» vessel was haules 


"a While 
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Photograph by J 


BOAT WITH OUTRIGGERS, DAR-ES-SALAAM. 


sheets, which are used to roof most of 
the white men’s buildings in equatorial 
Africa. Strange to say, their tongues 
are silent for a second or two, only the 
soft tread of their feet being audible. 
Suddenly, as the load sways back and 
forth on their patient heads, some one 
gives out a quick but mournful theme 
then the chorus breaks in, rippling and 
swishing back and forth in unpredictable 
antiphony. I listen entranced. What 


words could be adequate to such insp 
music ? 
Black Joe’’ or as stirring as ‘‘Old 
River’’? Alas,no! The words are p: 
ably trivial and with little dran 
value ; at least, so 1 was told by a stu 
of African music. 

One moonlight evening I stood stil 


Is the song itself as sad as **' 


listened intently to the men who wer 


loading logs of firewood into the boi 
room of the lake steamer. The bla 


> y Le 
oe, Ph Tate g 
peat (A 


- al 
ves wear F ad 
-_, — - 


Photograph by H. C 
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ster on the wharf grumbled a bit 
lifted a heavy log: **Heave ho-a’’ 
| be the meaning perhaps of the 
» words that he sang ; down thumped 
yon the steel floor of the pit 
Garrump-a lunk-a,”’ or words to 
effect, responded Shiny-eves below, 
kicked the rolling log along 
Whumph-ala bam,’’ moaned White 
as he chueked it on the pile. So 
vas their labor lightened and their hum 
ble hearts gladdened by the divine Muse 


While they were singing I could imi 


them, at least to a certain degree. 


afterward their refrain soon joined 

long sequence of ‘‘Lost Chords’’ 

vshich now haunt my reveries of Africa 
— 


some 


What an opportunity there is 
future Dvorak to compose an African 
symphony, weaving the songs of men 
that carry burdens and of women that 
ance to the rumble and thumping of big 
and little drums. 

While we were waiting for our tardy 
baggage-car, as well as when we returned 
to Kigoma several months later, I took 
several walks around the bay, rejoicing 
n the opportunity of walking on the 
shores of Lake Tanganyika, which teems 
with interest to the naturalist At the 
radio station there is a promontory com 
posed of massive gray metamorphic 
rocks, part of the excessively ancient 
African continent. The shore is cov 
ered with large angular fragments which 
are so dense that they have withstood the 
action of the usually quiet waters; the 
shore in this place is literally without 
sand. 

Here I found the following fragments 
among the scant flotsam and jetsam 
first, half of the lower jaw of a hyena, 
which was easily identifiable by its mas 
sive curved lower border and huge cut 
ting cheek teeth; next, there was a bony 


plate, evidently from the nape of the 


neck of a large catfish; next, an old nest 
if some fish-eating bird, containing frag 
ments of fish skeletons too small for iden- 
tification. The visible life on the rocky 
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ERE ~ 


eonfined s} 


gingerly, as 
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which hides uw 


lake 


shore were inl 


species it very 


fishes, swimming 


watched for a longs 


so clear and ripphi 
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sunshine that 
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DR. RAVEN AT UJIJL. HE IS ABOUT TO TOSS A SMALL COIN TO THE BOYs 





and went in for a swim, being careful, sponds in a general way to the K 
however, to remain quite near the clear system of South Africa 
water by the rocks. Afterward my en- Going on a short distance to the s 
thusiasm for bathing in the lake was _ shore of the bay, | came to a hug: 
somewhat dampened by finding the seat- ontory called the ‘‘Elephant’s | 
tered bones of a large crocodile right which juts out into the lake ‘| 
near this spot. formed of a conglomerate containing 
On the shore of the lake I found a_ told thousands of oval pebbles, 1 
large eycloid fish scale, which I after- about as big as eggs. This conglon 
ward learned was probably possessed by seems to overlie the formation 
one of the big characin fishes, such as zontal sandstone exposed near by) 
Hydrocyon (p. 512 But all fish equip- pebbles in it have been rounded 
ment was still packed and in bond. ancient streams and then imprison: 
After my swim I went southward the mud, and the whole has hard: 
along a beach where the waves had into rock. Some of them wer 
ground the rocks up into very coarse weathering out of the rock and | 


sand. On the way I passed across fields set free again on the shore of the 


where there were enormous grasshoppers Probably this conglomerate is of 1 
in green, red and yellow. Here also age, as the pebbles are not solidly 
dense ledges of nearly horizontal, dark in it. The whole surface of the 
purplish-red sandstone concealed the old toward the lake is beautifully row 
erystalline rocks, which doubtless lay probably through the combined a 
beneath them. This was the first time I of rain and waves 

had seen any rocks of this wide-spread 4. C. Veatch, ‘‘Evolution of th 
system (Lualaba-Lubilash), which corre-  Basin,’’ Geol. Soc. Amer., Mem. 3, 1935 
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[he promontory is cleft by deep in 
ms. one of which extends far inward 
a sort of cave. I crept quietly int 
s dark passageway and was delighted 
find it thickly populated by large bats 
ch flitted over my head to the darkest 
es behind and above me One o1 
bats still clung to all that Was 
tly illuminated by the light from 
ssageway and as soon j eves be 
ime accustomed to the se larkness | 


ild see clearly that they had enormous 





is and pointed n 

al visited 
ured several 
Dr. MeGregor 

ne of them 

While we were at Kigoma, thre 
party went over to Ujiji, a village 
by, which is famous as the ‘e where 
Stanley met Livingstone in 1871. Here 
the native population showed conside? 
able Arab intermixture, as this was one 
of the great Arab headquarters for the 
slave trade. 

After a two-day wait at Kigoma, our’ marine t¢: 
baggage-car came in and both the tially mari 
English and Belgian customs officials 
were exceedingly helpful in speeding 
through the custom houses. In the eve 
ning we went on board the Urundi, a 
small lake steamer, and thus entered offi 
‘ially into the vast empire of the Belgian 
Congo. The boat was crowded with 
passengers and there were no staterooms The answe1 


available, so we spread out our bed-rolls and geolo; 


“+ 


m the foredeck just behind the anchor rift systen 
‘hains and winch. It was a moonless 
starry night, and after a somewhat too 
obliging passenger with an enormous 


accordion had exhausted his repertory 


to say nothing of us—we lay down and recent 


slept till dawn. ively recent 
Numerous bush-fires dotted the low  canice outpouring 

mountains along the lake with dark ff the ends of 

glowing spots. These bush-fires, as we left a chain 

earned, occur almost everywhere in the the water has 

highlands of Africa during the dry sea- without destroying 

son and have inflicted incalculable dam tures that had flowed 

age to the forest and native fauna. As’ when the great rift was establishe 
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should be noted, however, that Professor 
MacFarlane, of the University of Penn 
sylvania, in his book on the ‘*‘ Evolution 
and Distribution of Fishes,’’* states that 
none of the organisms mentioned above 
has been derived from marine forms, but 
rather that the reverse has happened, 
namely, that the really primitive organ- 
isms are to be found among the fresh 
water fauna. So far, however, as his 
argument rests on the evidence derived 
from the fishes, I find myself in detailed 
disagreement with his interpretation of 
the facts. 

About noon of the next day our boat 
anchored off Usumbura at the northern 
end of Lake Tanganyika and began to 
transfer some of its black passengers to a 
smaller steamboat, which took them to 
the wharf, and at the same time to take 
on other passengers, both black and 
white. <A fairly stiff breeze was blowing 
up the lake, and the little boat bobbed 
up and down more quickly than ours did. 
This lack of synchronism produced ef- 
fects upon the poor debarking natives 
which were both amusing and thrilling 
to us, but about which they were not at 
all enthusiastic. Imagine having to pass 
nearly all your household effects by hand 
from the big boat to the little boat, or 
vice versa, in that bobbing sea! But how 
bravely the women stuck to their job 
of handing the babies and gourds and 
matting-rolls up or down to the men, 
who grabbed them and pulled them 
whichever way they were going. The 
babel of it was indescribable. One poor 
man got imprisoned behind a heavy rope 
that tied the smaller boat to ours; as the 
boat swung around it pressed him into a 
pile of baggage and threatened to cut 
him in two at the waist. Anybody but 
a native would have been at least breath- 
less, but after emitting sundry em- 
phatic remarks, or volumes of remarks, 
he shook himself like an indignant rooster 
and climbed off the boat. Meanwhile 
the mate was cuffing the dumbhead that 


* Macmillan Company, 1923. 


was responsible for the mishap 


the swaying upper deck I was re} 


in a nearly top view of some 
widest, most imposing noses I ha 
seen, some of which even a ‘*m 
link’’ might not disdain to own. 
people were soldier-police and their { 
lies, detailed to Stop a while at this 
and make the prisoners work o1 
roads. If they had been Sicilians, s 
body would probably have been knif: 
an expression of resentment; but 
Africans, after the uproar they co 
it all as part of the day’s work an 
got it. 

Krom Usumbura our boat turn 
make an are across the lake to | 
crossing the rapidly increasing wa 
Every day when the clouds do not ¢ 
the higher mountains toward the n 
ern end of the lake, the mountains 
come heated and a strong current of 
rises from them, sucking the cold 
above the lake toward them and stir 
up quite a choppy sea. During this p 
ticular passage of the boat the wa 
were far too big for the comfort of 
crowded passengers and the next | 
was a time of gloom and misery of w! 
the less said, the better. 

Eventually, however, we passed 
the quieter water in the lee of the m 
tains and soon we tied up at a whart 
the foot of a steep mountain of yellowis 
gray crystalline Pre-Cambrian rocks 
come into view of a geologic format 
that is new to me is always exciting a 


I was impatient to climb up the neares 


of these jagged peaks and get a view 
the lake and surrounding country. b 
it was then near evening and I had 
restrain myself. 

After a very long wait for our bagga 
and for a camion, we were whirled off 
the night to one of the world’s wi 
hotels. The one room available was fai! 
large and had four good-enough beds 
it, but it opened on the barroom, wh 
the American phonograph tried to 
seream the full-voiced revellers, who w 
always celebrating some holiday. 
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le management paid us the comph 
of feeding us as if we were mighty 
of valor, who must have nought but 
ng meat and plenty of it Appar 
vy a whole herd of ancient he-goats 
been purchased for our benefit and 
‘cook’’ performed further wonders 


fc 


ooking the meat to degrees of tough 


ss never before dreamed of by our un At meal 


tunate teeth. Three times a day we enough brains 
ed the ordeal and this went on for cile asylum, was 
me week. The manager of the ‘‘hotel’’ the tabdlisi 
is said to be a Greek, but whatever he 

vas he could earn good wages as one of 
e lesser pirates in Hollywood. There 

ere next to no servants visible, only two 

lt iserable little black boys; one boy, 

named Moki, was arrayed in the most ever, and wet 

grimy of shirts and short pants; the 

other little boy wore only a native toga 

if goatskin but with great dignity. Their 

eooking, dish-washing and waiting on 

table had best be left unsung. The man 














Photograph by H 
BUSH FIRE ON THE HILLS AT BUKAVU, LAKE KIVU 
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Sketch from autho 


DRAINAGE SLOPES AT UVIRA. 














Sketch from author’s note-book 


SUNSET AT UVIRA. 
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‘ik pleasure in giving Moki, by 
nsolation, a tip of enormous size 
part of the world. We have 
tt that he had sense enough to kee 
t of the manager’s clutches 
r observed that the manager struck 
as under the benign rule of 


; 


cians there is a heavy fine for 

a native and doubtless all the natives 
w it. 

Next morning after our frugal break 
fast we went out to see what Uvira looked 
in the daytime. Like many other 
in the Congo, it Is growing very 
in anticipation of the completion of 
railway which is now being built to 
ennect Uvira with the towns to the 


rth on Lake Kivu Next door a swarm 


CRANIUM 
of naked little black boys were gliding 
forward, carrying little pans of water or and take tl 
small loads of brick on their heads to with theirg 
the masons, who moved with the celerity an ox-pecke 
of half-melted asphalt. The little boys literally climb 
have spindly legs, enormous abdomens ness to help it 
and huge, languorous eyes; their faces of flies and 
and bodies are daubed and dusted in the On Sunday, 
most ludicrous fashion with the mud and were somewhat 
plaster amid which they move. hotel veranda 
A yoke of oxen has just brought a load = goat's 
of sacks of cement for the building. The Irom a Ss 
oxen have enormous horns which rise up rather to be 
almost vertically above their foreheads. She was a lit 
Afterward I learned that these very feet, eight inches high, and 
ong-horned cattle are similar to those and particular in her light calico 
figured on the Egyptian monuments and She had a tiny straight tace, an 


are said to belong to the same species } long head and delicate limbs In mm) 
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Photograph by H 


LONG—HORNED OXEN AT UVIRA. 


nocence I offered her a large safety-pin, 
hoping that she would thrust it through 
the base of her nose, but she handed it 
back with a saperior air and held out an 
insistent palm for franes. She then did 
a few very formal and deliberate turns 
and posed for her photograph, standing 
beside one of our own blond Nordies, 
winding up the performance with greedy 
appeals for more franes. She looked 
ancient, but one of the guests assured us 
that she could not be more than forty 
years old, because she said she remem 
bered a certain famous Arab raid that 
happened when she was a child. 

That afternoon I strolled down along 
the lake shore near the wharf where the 
boats from Kigoma come in. At that 
point a stream which has cut its way 
down through the crystalline mountains 
has discharged on the lake shore an enor- 
mous load of large angular fragments of 
schist, containing mica, and blocks of 
feldspar. The waves have had but little 
effect on these hard fragments, or prob- 


( Ki 


ably they have broken off all the n 


friable pieces, shoved them along 


rround 


coarse sand on 


certain 


them up, distributir 


spots these angular 


1o 


then 


the shores near by 
fr 


agine 


are being cemented together by a nat 


cement 


breccia. 


which attractive route 


into a massive and 


ve 


ry ! 


At this place I did not k 


to follow 


wh 


to push my way up the rocky 


which was highly alluring 


confusion and grandeur, or 


in 
i 


ITs 


along the shore, which was already y 


ing its provocative traces of 


wonder-working. 


Here 


hat 


are some of the things I s 


along this shore on this and other wa 


First, the backbone of a 


large fish, 


dently belonging to the enormous g1 


of the 


*“spiny-finned’’ fishes ; 


but 


which one? A few yards further ca 


the answer in the shape of a sickle-shay 


preopercular bone with 


cog-shaped projections on 


border. 


Surely this must 


its 


be 


several lal 


hint 


my 
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nd Luciolates or some near relative One 
a little way further on and there 
glistening white, perfectly cleaned 
of Luciolate S, which | eagerly grasp 
what osteologist would despise such a 
In fact this skull afterward proved 
»ptionally valuable to me, since it so 
irly illustrated the details of bone 
hitecture in a typical fish skull. Then 
pick up two very beautifully seulp 
red bony scutes, each about two inches 
diameter, which have weathered out 
m the leathery back of some large 
wodile. No wonder the natives keep 
ery close to the shore when bathing! 
‘hen many small crabs, the same species Passing thr 
as those at Kigoma and closely related to up the pati 
marine types. Then swarms of tadpoles many men 
in the tide-pools, getting ready to take their round st 
their places in the Uvira night choir discussing 
On another occasion I came to a village women ar: 
near the shore of the lake, where most of man starts afte) 
the folks are basking in the sun, but here — to serve as my 
are some small boys standing in the water to go but up 
and fishing. These young rascals have back, so I wa 
been fishing on the Sabbath day with a doggedly 
pole, a bit of string, a bent pin and many an 


worms. They come near and show me monthis 
tiny baskets or old tomato cans contain- the selfis! 
ing vorgeous little cichlids and most by mvse 
comely young Luciolates. Recklessly I carry 
spend my money for each lot, getting si The bus! 


or seven different species for a few Bel- most everyt! 
gian franes (1 frane is about 3 cents) some of wl 


The boys know I am crazy, to pay somuch look like gig; 


for so few mouthfuls, but I rush off with dlesticks. I 


hands and pockets full, to sketch some of I find a sma 


; 


these fish while they are fresh and to get 1s of preciss 
them in formalin soon afterward. I do upon whic! 
not mind in the least that probably none on the look 
of them are ‘‘new to science,’’ as the I want to 
fishes of Lake Tanganyika have been de- to see it fir 


seribed by several authors They are all 


snake-skin 

new to me anyhow, and give me my first tribute to 

field-introduction to this famous African — rarity of s1 's which IT obs 

family of cichlids. everywhere we went in tropical 
5 By a strange chance, however, most of the AS we zigzag upward over the 

small fishes which Mr. Raven and I collected in’ jsh erystal rocks and blackened 

this way proved to be new to our collections at : 


new wildness and grandeur are reve 
the Museum. and one of them was later de : 
scribed as ‘‘new species’’ by our colleagues the mountains in the rear come } 


J. T. Nichols and F. La Monte. and lift up their summits, hig 
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higher; those in the foreground send one 
behind 


slopes toward the silver lake. 


jagged crest another in long 


I sit down 
for a while and make a desperate effort 
to record a few of the crowding moun 
tain profiles in a very crude sketch in 
This the 
many that | made on our journey across 
Africa. No matter how crude they are, 


they now possess magical qualities since 


my notebook was first of 


they can instantly carry me back to some 
soul-filling scene of African 
[ get up and we go on up- 


mountains 
and rivers. 
ward ; finally we reach the steep shoulder 
of one of the lower mountains; the sun 
begins to go down and with half the sky 
for his background pours forth his most 
brilliant reds and greens and yellows 
upon the heaped-up clouds, the jagged 
mountains the 


The celestial color-symphony mounts to 


and shimmering lake. 


almost insupportable heights and then 
slowly recedes into myriad purple waves. 
Reluctantly the spectator deseends the 
open mountain side to the highroad and 
dismisses his faithful guide with a gen- 
erous reward 

During the 
Raven was constantly busy with many 
but 
was 


next ten days at Uvira 


unavoidable duties. First. 


tedious 


as Uvira practically the port of 


entry into the Belgian Congo, he had to 
go over his lists of equipment and assign 
a fair valuation to every foreign article 
we were bringing into the country, and 
the customs officer had to ascertain what 
tax be levied upon each 
article. The 
thousands of franes, a sum which, how- 


import should 


whole amounted to many 
ever, was only paid on deposit, prac- 
tically all of it being refunded when we 
left the Belgian Congo. 

Meanwhile the administrator of 
town of Uvira had very kindly placed at 


the 


our disposal a commodious house and the 


adjoining grounds, which belonged to the 
The house had brick walls 
coated with whitewash ; there were broad 


Government. 


brick verandahs and a thatched 
Up to this time (July 24) our 


cool 


roof. 


MONTHLY 


entire camp equipment had beer 
were, in bond to the eustoms of ft] 
ferent countries through which ws 
eled 
things that 


and we had as yet used on 
our personal t1 


At last the tim: 


were in 
and hand baggage 

come to open up all our camp equipn 
After our things had 

the House to 
rary Raven, assisted 
Engle, the stuff 


our coming trip into the mountains 


heen moved 


Customs our new te) 


home, most 
selected necessary 
of Lake Kivu, storing away the supp 
for our future trip down the Congo 
the present trip hundreds of things 
necessary: for injecting and prese! 
specimens, for photography (mov 
still cameras, several kinds of negat 
chemicals, portable drying frames, et 


medicines, firearms, ammunition, 


ding, folding chairs, cooking utens 


ete., ete.—all to be 
and arranged for accessibility in b 


; 


packed, Catalog 


and bundles just big enough to be 
ried on a black man’s head up mount 
trails. 

Then as soon as we could obtain 
good boys as servants, we set up 
camp beds and mosquito nettings or 
porch of this house and took joyful 
of the Greek and his hotel. We in 
diately celebrated Dr. MeGregor’s bit 
day with a fine camp dinner, includ 
excellent soup, roast chicken, salsify 
bacon, home-made bread, white wine 


real tea—a refreshing contrast to 
devastating fare of goat’s meat at 


hotel. 

There were many beautiful mang 
other trees on the grounds in front 
house, which 


Here in the daytime fair-si 


our overlooked the 
shore. 
agamid lizards with spikes on their he: 
raced up and down the tree trunks a 
ant-lions laid in wait for their prey 
conical depressions in the ground. | 

an unfortunate experience with one 

these lizards while photographing hin 
unfortunate for the lizard, that is. T 


poor thing was tied with a string and 
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WE DINE CHEZ 


ts frantic struggles to escape, snapping Possess! 


is Jaws and running hither and thither, that swarmed 


soon became sunstruck and died | was de 


jould have remembered that a reptile is 


ih inferior to a mammal! in its ability 

keep the body temperature from rising 
bevond the danger point 

At night we would creep out under the found in 
trees and then, turning on our flashlights boniferous 
and looking along the barrel, we saw at slow to give 
different times the lamp-like green eyes against them 
MeGreg 


fa small antelope, the glowing red eyes take 
of a civet cat, the small green eyes of but la 
fruit bats. The latter flitted about in one 
great numbers, their black wings out- him a 


thereby marring its orb-like splend 


ter whe 


a . } + 
tf these rave beasts 


ined against the moonlight. 
As the mountains cooled off, 
upon them grew heavier than that above 


the air manner toward them (to judge 
remarks) seemed less cordial and 


the water and a cool breeze swept down clative Ingenious dey 6g had 


toward the lake, which made our blan- adopted to protect the washed and « 
kets very acceptable at night. ing 
In one of the inner rooms of our house — by these voracious animals 
Dr. McGregor and the others developed While we were at Uvira 
night, disputing pleasure of meeting Mr. G. B. Murphy, a 


negative tr from being 


we had the 


leir photographs at 
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young man who had been sent from 
the department of birds in our Museum 
to conduet colleetinge expeditions into 
various parts of equatorial Africa. He 
was just returning from the mountains 
to the west of us at Uvira and had se 
cured there some excessively rare species 
of birds for W hich he had been espe cially 
He told us one ineident of 
his journey that 
liar traits of the African character. He 
had arrived at a certain village, where 
he had requested the chief to supply him 


The chief had assembled 


searching. 


illustrates some pecu- 


with porters, 
the available men and ordered one after 
another to go with the white men. One 
big man said ‘‘ No, I will not go.’’ ‘‘ You 
asked the chief. ‘‘No, I will 
orders he was 


will not?’’ 
not.”’ At the 
seized, bound and lashed until the blood 

**Now will you go?”’ 
‘*No, I will not,’’ re 
Again he was beaten, 
Again he was 


chief’s 


ran from his back. 
asked the chief. 

plied the man. 

more cruelly than before. 
asked whether he would go, and again he 
refused. It was not until the end of the 
third beating that his spirit was broken 
and he said he would go. In a day or 
two, when they were ready to start, this 
big man stood in line, took_his load on 
his head and served well throughout the 


trip, bearing no grudge against the white 


man. 

At last our 
ciently completed at Uvira and it was 
decided that Dr. Engle and I should go 


arrangements were suffi 


ahead to Bukayvu (Costermansville) at 
the southern end of Lake Kivu, 
Raven and MeGregor would follow in a 
few days. Although Lake Tanganyika 
is one of the highest lakes in the world, 
Lake Kivu, the next one to the north in 
the Africa’s Great Lakes, is 
some two thousand feet higher. At the 
southern tip of Lake Kivu the surplus 
water of the lake drains off to form the 
Ruzizi River; this river breaks through 


while 


series of 


the voleanie mountains south of the lake 
into the northern 
The Belgians, 


and runs southward 
end of Lake Tanganyika. 
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who are the greatest road-builde: 
constructed 
Valley “ 


north and so 


have 
Ruzizi 


the Romans, 
road along the 
commerce can flow 
the 
countries around the headwaters 


Nile. 


and Negroes make this trip tw 


tween Belgian Congo and 


Camions driven by Port 

times a week. 
At about 4 A. 

big camion stopped at our house in | 


M. on July 25, ] 


our baggage was quickly stowed al 
and Engle and I climbed up into t! 
with the black driver. As we bo 
over the rocky road before daylig} 
flashlights revealed many natives 
men and women, carrying huge loa 


eotton and other produets in e@ 


baskets on their backs or in bales o1 
f their trudging 
Uvira, either to sell 


heads, along tow 
their goods in 
market-place or to take them to the w 
for shipment south and east 
Gradually the road twisted and tu 
as we climbed to higher levels 
after dawn we overtook another can 
which had stalled, and 


spent nearly an hour fixing its car 


our chaufi 
reter, while we walked up and dow 
the high plateau to keep warm | 
sun meanwhile came up in all its sp 
dor, revealing crystalline mountains 
both sides of us and the lake to the so 
On this plateau the flat topped aca 
of East Africa 
large fields of stubble. 


evidence. al 
The ground 


were in 


made up of thick alluvial deposits 
pebbles and coarse grit, brought di 
long ago from the 
tributed over this broad valley by 
its tributaries, wl 


mountains and 


Ruzizi River and 
have themselves 
deeper levels. On the 
stubbly field I found 
rings of cuticle about the size of weddii 
rings. These puzzled me at first, b 
soon I found that they were segme! 
from the cylindrical, many-jointed bo 
of a large milliped. These 
dreaded by both 


now worked down 
eround in 


Sseattere 


many 


beasts a 


greatly whites a 
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ss but are entirely innocuous. Many This place 
nt old men and women passed us broad valley, 
we waited, plodding along with the mountains 
burdens The men often carry are said to be 
rs with long slender iron tips, like distance beyond L 
of the Masai lion-hunters; they Ruzizi River at a 
erect and carry their loads on top frequently came t 
ieir heads The old women carry After we passed 
rmous loads of cotton or other prod wind our way up 
on their backs, leaning far forward — our spirits rose st 
supporting themselves with a stick Immediately belo 
carry their wealth on their ankles as a silvery 
form of copper or iron wire broad plain; 
(me poor old beldame with could see 


wrinkles all over her face and 





vurse-like breasts hanging down to 

r waist had enough of these iron 

re anklets on her to tire an elephant 

Resuming our way northward we 
passed on our left many crystalline 
mountains, whose eontours resembled 
those around Uvira. We stopped for 
breakfast at about nine o'clock at the 
small inn at Luvunghi. It was a brick 
building in the Arabized African style 
with arched porches and inner court. 











The c¢ireular thatched straw huts of 


Photooraph 


the natives are surrounded by a flimsy AGAMID LIZARD 


stockade of Euphorbias; tiny gecko 

lizards run up and down these prickly where it struggled over the blocks w 
thoroughfares. In the road a native sits it had itself brought down from 
basking in the sun and tinkling his mountains, while far to the north 


“box-piano’’ (lukimbe). This instru- deep notch by which it had eates 


ment consists primarily of a graduated way through the mountain barriet 
row of iron strips fastened on a resonat worked its way southward from 
ing box hollowed out of a block of wood Kivu. At this ne we were stil 
by means of a red-hot iron. Shells or below the level of the summits 
small coins are loosely attached to the ancient crystalline mountains wl 
iron strips and rest on the box, producing had been passing on the wa\ 

a rattling and buzzing sound that is dear as the road wound upward we 

to the native ear. Rapid arpeggio move- from lower to higher levels of 
ments are executed as the fingers are  ceivably ancient foundations o 
swept along the lower ends of the metal nent. Evidently we were in 
rods. Complicated rhythms are woven where there had recently beer 
nto the arpeggios, and this instrument mense upthrust, for the process 
affords a convenient medium for the ex- sion had not had time to sof 
pression of ‘‘everyboy’s’’ native talent. incredibly steep and jagged cor 
lwo vultures are soaring above us with Our exhilaration amidst this 

ll the ease and nonchalance for which dous evidence of earth history 


they are famous. means checked by the dizzy 
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road was making, often on narrow ledges 
from which one could gaze down plung- 
ing declivities that converged toward the 
turn 
of the wheel by our black chauffeur and 
we should catapult through the flimsy 


shadowy abyss below. One false 


wall and do a dazzling series of somer- 
saults to some sudden stopping-place on 
the But 
doubtless well used to the giddy contor 
shifts of the 
this dance of the 


one. 


way down. our black was 


tions and instantaneous 
native dance and in 
and the 


After we came up to a comparatively 


camion he camion were 
smooth stretch he lit a cigarette with all 
the 

kine. 


Then came a very long pull upgrade, 


, “rr 
nonchalance of an English speed 


during which we passed hundreds and 


hundreds of blacks working on the road. 
Each one was slowly carrying a tiny 
basketful of earth or a couple of rocks 
on his head, but 
of these human ants had built this more 


the cumulative labors 


than Roman highway through the moun- 
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How 
past this inspiring panorama of 
with its 


tains. tantalizing it was 


faces, each one unique 
viduality, and to be allowed to 
only a fleeting glimpse of them 
By and by we came to another 
had butted its 


without 


which face into 


of ages visible damage 


rock. This excited the prot SS 

terest of our black jehu, as 

portunity for un gros palave 
Accordingly Dr 


Engle and | 


chanee to take our cameras and w 
to the next protruding tower, w 
manded a superb view of the 
river beneath and of the far 
cipitous mountains to the nortl 
parently we were still below the s 
Archean 


north of 


of the old crystalline 
but there to the 
were confronted by threatening 


tions, 


1 


of once molten rock, which had burs 


from vast reservoir b 
When this had happened the foundat 


of the 


ward some 


continent had been shake 














EXPEDITION TRUCK UNDER 


REPAIRS, ON 


Photograph bu F T. Be 
PLATEAU NORTH OF 


LAKE TANGANYIKA 
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RUZIZI RIVER, SOl 


shattered, permitting enormous earth 


to 


blocks to settle and pushing others up 


precipitous heights. Had this great dis 


the forma 
ot 
later date, like the very voleanic 


f Lake - Was 
it this disturbance which had blocked the 


turbance been at the time of 
tion of the great rift valley or was it 
recent 
outpourings north Kivu 
southern exit of the old Kivu rift valley 
and thus caused the gradual filling up of 
And then had 
the Ruzizi River, starting from the over 
flow of the lake, gradually worked 
way south and then dug down until 1 
poured the overflow from Lake Kivu int 
Lake Tanganyika ?' 


the valley by the lake? 


Its 


; 


lia Britanni 


ka the 


Tanganyika rift 


the 
article 

of 

interrupted 


According to Encye lopaer 
(14th Ed., 1929, 


northern 


on Tangany}) 


continuation the 
by a line of 


back the 


recently 


valley is ‘‘ suddenly 


which dam 
but 
the 


the 


young eruptive ridges 
of Lake 
eut through (in about 
outlet of that Lake, 
Tanganyika by several mouths a 


The flat 


waters Kivu have been 


year 1906) by the 


which enters 


t its 


Russisi, 
northern 
the 


end. plain traversed by lowel 


LAKI 


These 
however 
Dr 
our backs 


hee 


ran t 


and 


we 
up over a stupe 
tain that 
voleanie orignu 

\t 
Spira 


a hi 


intervals 
pat 


heat 


rn, 


Tangan\ 
the upper 
iver, the 


Lake 


northward 


Kivu 
‘ 
? ’ 


its eourse 


the 


ilong 
ic Toss \ 
In a few deead 
t the southern 


d the 


example of 


Ruziz 


a 
duet 


seemed 
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Photograph by } 
ROAD BUILDERS ON THE ROAD TO LAKE KIVU 














Photograph by H. C. Raven 
MOUNTAIN SOUTH OF LAKE KIVU. 
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road was clear. One could not help 
wondering what would happen if one of 
these black traffic cops made a mistake 
and allowed a descending camion to meet 
us on the one-way track. But the oppor- 
tunity of making an exceptionally loud 
noise by beating the signal-can was too 
good a one for a native to miss. 

On some of these heights, which were 
almost bare of vegetation, one could 
look to the north and see the mountains 
around the southern end of Lake Kivu, 
wave after wave, as if the earth had 
liquefied under some stupendous impact. 
More probably it seemed, the wave-like 
appearance was due to erosion, by the 
present drainage system, of an old moun- 
tainous district that had been reduced, 
by an earlier cycle of erosion, to a pene- 
plain or generally flat level. 

In this region, which has been sub- 
jected to such enormous disturbances, 
one may be passing at a certain time over 
a huge block that belongs to the later or 
voleanie invasion, and a little later, 
although then further to the north, one 
may be passing over a block of the far 
older ‘‘erystalline’’ series belonging to 
the south; but as one passes beyond the 
zone of maximum disturbance, the out- 
liers of the older formation become 


529 


scarcer and one is at last fairly within 
the zone of the later formation. Thus, 
as we approached Lake Kivu, the yellow- 
ish gneiss-like rocks of the Uvira district 
became rare, the gray material that we 
had just passed diminished and we came 
into the zone of the dark-red soil of the 
Kivu region. 

About twelve o’clock that morning we 
were winding up and down at high levels 
along the upper valley of the Ruzizi, 
passing mountains with boldly serrate 
and which graded 
southward from the wave-like form, of 


irregular contours 


which we later saw so many around the 
the bold 


volcanic material mentioned above 


lake, into jagged cones of 
gray 
Then we came to hills in which the un 
derlying country rock lies beneath a 
thick mantle of red soil, which may be 
the product of the disintegration of the 
erystalline rocks. After winding Jown 
past many red hills dotted with 
long-horned cattle, banana plantations 
and native huts, we sloped upward a few 
moments, suddenly drove out on to the 
long promontory upon which Coster- 
mansville (Bukavu) is and 
stopped in full view of the narrow south- 
western end of Lake Kivu. 


bare 


perched 





THE APPROACH TO THE ABSOLUTE ZERO 
OF TEMPERATURE’ 


By Dr. F. SIMON 


CLARENDON LABORATORY, 


OXFORD UNIVERSITY: 


FORMERLY PROFESSOR OF PHYSICAL 


CHEMISTRY AT BRESLAU 


SPEAKING in this building, with all its 
associations with low temperatures, a 
long introduction would be superfluous, 
but I would like to remind you of some 
data. In Fig. 1 a temperature scale is 
given in degrees Centigrade, and you see 
some important fixed points marked on 
it. 

Now is this scale infinite at both ends 
or not? We know that heat consists in 
the unordered motion of the smallest 
particles, the atoms or the molecules, 
and the intensity of this irregular mo- 
tion rises with increasing temperature 
(in an ideal gas it is directly propor- 
tional to it). So it is evident that there 
will be no limit to high temperatures, as 
there is none to the intensity of the 
motion, but of course, there will be a 
lower limit to the temperature scale, at 
the point where the thermal motion stops 
altogether. This point is therefore with 
justification called the absolute zero. 
Though it has not been reached in ex- 
periment, and as we will see later on, it 
is by principle impossible to reach it 
absolutely, its position can be given with 
great accuracy, and it is found to lie at 
—273.1° C. A rational temperature 
seale has, therefore, to begin at this 
point. In this seale, the Kelvin scale, the 
absolute zero of temperature is given by 
the number zero, and any other tempera- 
ture by adding 273.1° to the number of 
degrees Centigrade. On the right hand 
side of Fig. 1 the temperatures are indi- 
cated in degrees Kelvin, and you see that 
the boiling point of the most volatile gas, 


1 Presented at the Royal Institution of Great 
Britain at one of its weekly evening meetings, 
in February, 1935. 
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helium, lies about 4° from the abs 
zero. In Fig. 2 you see the liquid he! 
range given in more detail. By reducing 
the pressure over the liquid helium, o: 
ean easily get down to about 1 
improving the isolation, and using 
huge pump, Keesom succeeded in rea 
ing 0.7°, which was the lowest tempe1 
ture obtained until a few years ago 

I will begin by showing two exp 
ments. The first is the production of 
high temperature. It is a very sim; 
experiment that you have all done you 
I need only switch on an electri 
By varying the current | 
temperatures up to 2,500°. 

In the second experiment I will gen 
ate a very low temperature, and that 
much more complicated. While I could 
certainly perform the first experiment 
without any help, the second would b 
impossible without the kind help of M: 
Green, Dr. Kiirti, Dr. London and t! 
staff of the Clarendon Laboratory, w! 
have all helped in its preparation. W: 
will now liquefy helium, making use 
a principle about which I will say some 
thing later. Now I should like to point 
out that we start at a temperature ol 
tained with solid hydrogen (about 12 
that within the apparatus there is helium 
compressed to about 100 atmospheres at 
this temperature, and that the helium 
will be expanded into a balloon, where 
we will store it. During the expansion 
the helium will liquefy and reach its boil 
ing temperature, 4.2°. As the helium is 
enclosed in a metal vessel, I will not be 
able to show it to you, but even if | 
could, it would not look a bit colder than 


selves. 
lamp. 
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liquid air. This simplified ther- 
mometer gives you a much better mea- 
sure for the temperature. You saw that 
it pointed first to 12°, then, as the helium 
was expanded and this balloon filled, the 
temperature fell to about 4°. I can also 
show you another proof that we have 
reached the temperature region of liquid 
helium. 

You have all heard of supraconductiv- 
ity. This is the name given to the 
phenomenon discovered by Kamerlingh 
Onnes, that at certain temperatures some 
metals lose their electrical resistance alto- 
gether. The temperatures at which this 
happens are very low, they all lie below 
10°. In a normal substance a current 
once induced would disappear very 
quickly, as its energy would be absorbed 
within about 1/1,000 of a second by its 
resistance. In the case of a supra- 
conductor, however, there is no resis- 
tance, so that the current goes on flowing 
indefinitely. 

In this lecture room, Professor Me- 
Lennan’ showed you this phenomenon of 
a persistent current in a lead ring, which 
was brought from Leiden immersed in 
liquid helium, so I need not speak about 
it in detail now. For the moment we will 
only use it to show that we really have 
the temperature of liquid helium. For 
this purpose a lead ring is fixed within 
the apparatus. Lead becomes supracon- 
ductive at about 7° so that now at 4° it 
is already in the supraconducting state. 
We will now induce a current within this 
ring.’ 

Before the current was induced a mag- 
netic needle was not affected. Now you 
see that when I hold it a little above the 
ring it points with its N pole towards it. 
This indicates that there is a S pole of 

2 Proc. Roy. Inst., Vol. XX VII, p. 446, 1932. 

8 This was performed by switching on a mag- 
netic field, higher than the threshold value of 
lead at this temperature, so,twith the field on, 
no persistent current flowed; reducing the field, 


a current is induced, which new persists as the 
substance is in the field zero. * 
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for the current, and we will verify at the 
end of the lecture that it is steady. 

You see the great difference in outlay 
for the two experiments. For generat 
you have only to connect an 
for generat 


ing 2,500 
electric lamp to the mains; 
ing — 270° you have this decidedly com 
plicated apparatus 
tainly the most simple one in existence 
And we have not yet even taken into ac 
count that in the second experiment we 
did not start at room temperature, but 
at —260°. This temperature was ob 
tained by hydrogen which we liquefied in 
the plant in the Clarendon Laboratory 
in Oxford, and the liquid nitrogen neces- 


and yet this is cer 
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sary for the hydrogen liquefaction was 
generated in yet another plant. For the 
first experiment, on the other hand, I 
could get the whole plant in my hand by 
taking a torchlight. 

Now what makes this big difference? 
Heat is due to the irregular motion of 
the smallest particles. So to heat a sub- 
stance means to increase its energy, but 
still more to inerease the internal dis- 
order of its particles. To cool down a 
substance means to diminish its energy, 
but still more to increase the internal 
order of its particles. For example, a 
gas is in a very big state of disorder, the 
atoms flying in all directions about the 
space according to their kinetic energy, 
which is proportional to the tempera- 
ture. Cooling it down, it will first 
liquefy, and a liquid is already a much 
more ordered system than a gas. Cool- 
ing it still further, it will solidify; now 
all the mean positions of the particles 
are given by a crystal lattice, and the 
system is in a state of nearly perfect 
order, only the thermal vibrations of the 
atoms around their mean positions being 
still a source of some disorder. Cooling 
down still further, even this disorder 
vanishes more and more. 

So cooling a substance means bringing 
it into a state of order, and it is always 
much easier to make disorder than to 
establish order. Although you are cer- 
tainly very familiar with this fact, I 
will illustrate it by an example. On 
this tray I have arranged these black and 
white balls in order. It is very easy 
now to establish a disorder by shaking 
the tray, but it is impossible to establish 
any sort of order again by shaking, or to 
speak more precisely, the probability 
of succeeding is extremely small. Of 
course, I can establish an order by select- 
ing the balls with my hands, but in the 
ease of a system consisting of atoms, this 
is obviously impracticable, and by prin- 
ciple impossible too. We have only 
macroscopic means at our disposal. This 


difficulty of creating order is just what 
makes the big difference. And this js 
why, even 10,000 years ago, men were 
able to generate very high temperatures 
—sufficient for melting metals—but the 
low temperature technique is of a quite 
recent date. Even the ice cream industry 
is fairly new, though the temperatures 
involved are not very much below roo 
temperature. 

To generate heat one must, of course. 
have energy at one’s disposal, but 
transform this energy into the disor 
dered form of heat energy presents no 
difficulty at all. We saw this in the elec. 
tric lamp, but one can do it in a great 
many other ways; for instance, in a 
candle it is a chemical energy we trans 
form into heat energy, in the brakes of 
a car it is a mechanical one. 

If our example with the balls were 
absolutely analogous, it would be im 
possible to generate a low temperature 
at all, but luckily it is not so, because, 
unlike our analogy where the order de 
pends only on one variable, in a real 
physical system it depends on many 
more. The most important quantity it 
still depends upon is the volume. Taking 
the probability of finding an atom within 
a certain region as a measure for the 
state of disorder respective to the posi- 
tions in space, it is quite evident that this 
probability decreases on enlarging the 
space the atom has at its disposal. So in 
a diluted gas we have a great disorder; 
if it is compressed to a small space, its 
order is increased. 

Now thermodynamics has given us a 
quantitative measure for this state of 
order of which we have to speak so much 
now, since it is necessary for understand- 
ing things later on. This measure is 
ealled the entropy. I will not trouble 
you with this quantity, as I know it is 
not a very popular one. I only want to 
remind you that it is a measure for the 
state of order, and that there is a law, 
namely, the second law of thermodynam- 
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ies, which tells us that within a closed 
system during any change the entropy 
ean only increase, or at the best by mak- 
ing a reversible change (that means 
avoiding unnecessary disorder) it can 
remain the same. Speaking in our terms 
now, this second law means that in a 
closed system the state of order can only 
decrease or at the best remain constant. 

Let us see now what this has to do with 
generating low temperatures. We will 
take a cylinder with a piston, containing 
a gas, the whole system being perfectly 
isolated from its surroundings. The 
state of order in this system consists of 
two parts, one depending on the tempera- 
ture and the other on the volume. Com- 
pressing the gas, we increase the state of 
order corresponding to the volume. As 
the whole state of order must remain the 
same, the disorder due to the thermal 
motion has to increase, that means the 
temperature rises, and you all know that 
in compressing a gas it heats up, this 
heat being called the compression heat. 

Bringing this system into thermal con- 
tact with its surroundings, it will cool 
down to the initial temperature, and so 
its disorder becomes smaller. But of 
course, that does not contradict the law 
I spoke of before, because heat is trans- 
mitted to the surroundings, so increasing 
the disorder of the particles there. 

Now we will isolate the system again 
and pull the piston out. The part of the 
disorder due to the volume increases 
again. The whole state of order must 
remain constant, so the part of the dis- 
order due to the temperature must fall, 
and that means the temperature itself 
falls. 

That is a characteristic example, and 
one of the most important cases of how 
to generate a low temperature. Gen- 
erally speaking, whenever one wants to 
lower the temperature, one must have a 
system in which the state of order can be 
changed by some external means. Then 
in the way described above, one is able to 
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transmit a part of the original disorder 
in the system to the surroundings, and to 
cool it down, making the same change of 
this 
after having 
roundings. 


variable in the opposite 


isolated it fr 
Gases are the prototype of 
dered System, the existence 

necessary for the procedure \ 
ing low temperatures, and it 
easy with them to change 


by changing the volume. § 
all procedures for generating 
peratures were worked with 


recently. Of e 
of them only down to the 
at which they liquefy, or 
vapor 


urse, one can 


as long as their 
still practicable values. So 

the generation of low ter Iperat 
the liquefaction of gases have b 
practically identical 
every step towards a lower temperature 


econeeptions, and 


has been marked by the feat of liquef) 
ing a gas with a lower boiling point than 
was previously possible. 

I will not speak now of the develop 
ment of the real procedures performed 
with gases in order to liquefy them, 
which, for technical reasons, have to be 
much more complicated than the exam 
ple I gave you. I need only remind you 
of the names of Faraday, Cailletet, Pic- 
tet, Olzewski, Linde, Hampson, Dewar, 
Claude and Kamerlingh You 
know that it is now relatively easy to get 
down to the temperature of liquid air, 
as the liquefaction of air has become im- 
portant for industrial technique. But I 
want to mention that to cool by one ealo 
rie, at even such a relatively high tem 
perature as that of liquid air, is already 


500 times as expensive as to heat by a 


Onnes. 


ealorie above room temperature, for in 
stance, by burning benzene. But. at 
lower temperatures the difficulties in 
crease enormously, so that the use of 
liquid hydrogen has been restricted to a 
few laboratories, and that of liquid 
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helium to still fewer big specialized 
laboratories. 

In recent years the study of the prop- 
erties of matter at very low temperatures 
has become increasingly important, and 
so, of course, one has sought for ways of 
simplifying the low temperature tech- 
nique. We have in the last few years 
developed a comparatively simple 


method for liquefying helium, which I 
have shown you already, and now I 
should like to say a few words about it. 
The procedure of expanding a gas in a 
cylinder, in the way already described, 


















































B 3 
Fig. 3. PRINCIPLE OF THE EXPANSION METHOD. 


is very simple. But at very low tempera- 
tures it is difficult to realize technically 
a cylinder and a piston. 

But one can overcome this difficulty in 
a very simple way, which I will now ex- 
plain. In Fig. 3 A we have a gas en- 
closed in a cylinder with a piston. Pull- 
ing out the piston, the gas will cool down. 
In Fig. 3 B you see the cylinder divided 
into two parts connected by a tube. 
Pulling out the piston now, the gas will 
cool everywhere, because this cooling is 
an homogeneous procedure. Let us cool 
now only the lower part to the low initial 
temperature at where we start (for ex- 
ample, to the temperature of liquid 
hydrogen if we want to liquefy. helium) ; 
leave the upper part at room tempera- 


ture, and pull out the piston again 
Then the gas will cool down within the 
lower part, the same as if the upper part 
were at the low initial temperature t 
The atoms in the lower part do not know 
whether the upper part is hot or cold and 
the atoms do not know either if there is 
a cylinder and piston outside. We get 
the same effect if I simply let it out by a 
valve, as in Fig. 3 C. I want to empha 
size that the cooling arises within th 
cylinder, and not at the valve, as in th: 
Linde process. The procedure described 
above has nothing to do with the Linde 
process, but it has more resemblance t 
the Cailletet method. You remember. 
perhaps, that he let a gas expand in a 
glass capillary tube, and with some of the 
so-called permanent gases, he could then 
see a little dust of liquid drops, indicat 
ing that for some fraction of a second the 
temperature had fallen considerably. 
Now starting at high temperatures, the 
cooling effects obtained in this way are 
very small. The chief reason for this is 
that a container for high pressures has, 
at room temperatures, a heat content 
that is always big compared with that of 
the gas. Starting at low temperatures, 
however, the situation changes abso- 
lutely. Firstly, one gets a much bigger 
amount of gas into the container at a 
given external pressure, according to the 
gas laws, and secondly, the specific heats 
of all solid bodies drop with tempera- 
ture, disappearing on approaching abso- 
lute zero. So for instance, at a tempera- 
ture of about 12°, 1 eu. em. of helium gas 
compressed to 100 atmospheres has the 
same heat capacity as 1 kilogram of cop- 
per. This means we can neglect the heat 
capacity of the walls altogether, and we 
have the advantage of working with 
mathematical walls. Thus the efficiency 
of the procedure as I described it to you 
becomes very high, and working with 
suitable dimensions and a good isolation, 
it is easy to keep the low temperatures 
too. For instance, under the conditions 
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realized in this apparatus, about 60 per 
eent. of the volume originally filled with 
the compressed helium remains filled 
with the liquid phase, and in the appa- 
ratus we generally use we can raise this 
efficiency still much higher. 

In this way one could liquefy any 
quantity of helium. But as the specific 
heats at low temperatures are so very 
small, only tiny amounts of liquid helium 
are really necessary for cooling down the 
apparatus and making measurements for 
a number of hours, if the apparatus is 
designed in a suitable way. For exam- 
ple, in this apparatus we have liquefied 
about 50 eu. em., which is sufficient to 
cool down the whole system and to work 
for about five hours. 

In Fig. 4 you see a rough plan of the 
apparatus. Outside is the vessel D with 
liquid hydrogen ; inside, the space S that 
is evacuated. Within this you see the 
container C that is first filled with com- 
pressed helium, and after the expansion 
with liquid helium. Attached to this 
container is a gas thermometer G, the 
readings of which you saw before. 

To cool the apparatus down further, 
one could reduce the pressure over the 
liquid helium; the temperature must 
then fall till it corresponds with the 
vapor pressure of ‘the helium. For 
purely technical reasons we do not do 
this, but we have a second vessel E that 
we can fill with liquid helium by letting 
helium gas through the tube T. Then it 
condenses in the tube T where it is ih 
contact with C, and drops down intd the 
vessel. By pumping through T now, we 
reduce the vapor pressure, and therefore 
the temperature falls. Thjs vessel and 
the surrounding Dewar vessel are of this 
peculiar shape because we will after- 
wards apply magnetic fields to some sub- 
stance situated in the vessel, and of 
course, one can generate strong magnetic 
fields over a small distance more easily 
than over a big one. Now we will pump 
off the helium in this vessel, in order to 


reduce the here, and 
temperature 
short time. 
Before we consider the 
generating still 
want to refer brie 
of these temperatures 


temperature 


fall 2 
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Will below 2° withi 


methods of 
wer temperatures, | 
ly to the measurements 
You know that 
in general one measures temperature by 
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the pressure of a diluted gas, using it as 


a substitute for an ideal gas. But at the 

















Fic. 4. SIMPLIFIED DIAGRAM OF THE APPARATUS. 


lower limit of the liquid helium range 
the only existing gas, the helium, is 


stable only at a pressure so small that it 


is of no-use for a thermometer. In this 
region one can use another phenomenon 
for measuring the temperature. 

The thermometer that I want to speak 
of now i@a magnetic one, and it depends 
on the fact that paramagnetic suscepti- 
bility is a function of temperature. In a 
paramagnetic substance there exist little 
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elementary magnets, which we will as- 
sume for the moment to be perfectly free 
to point in every direction in space. 
The thermal agitation has the effect of 
making the directions of these ele- 
mentary magnets have a random distri- 
bution. Applying a magnetic field, it 
will try to turn them in its direction; on 
the other hand, the thermal agitation 
tries to establish a disorder with respect 
to the direction of the dipoles. There 
will be a compromise of these two effects, 
and it is evident that the lower the tem- 
perature, that means the lower the ther- 
mal agitation, the more magnetized the 
substance will become. Calculating this 
numerically, one finds that in such a 
substance the magnetic susceptibility 
would be proportional to 1/T. That is 
the famous Curie Law, which was de- 
rived primarily for paramagnetic gases, 
because there the single elementary mag- 
nets connected with the atoms or mole- 
cules are certainly perfectly free. At 


first sight one might think that within 
a solid body the condition of free ele- 
mentary magnets could not be realized. 
But experiments, made chiefly in the 


Leiden Laboratory, have shown that 
there are some paramagnetic salts which 
follow Curie’s law down to the helium 
temperatures with great accuracy, and 
this means that the elementary magnets 
within them have a very high degree of 
mobility. The salts concerned are espe- 
cially those of the rare earth and iron 
groups. I can not go into a theoretical 
explanation of this behavior, but I want 
to mention that it is in accordance with 
our theoretical ideas. 

So it is easy to construct a thermome- 
ter with such a paramagnetic substance, 
using its susceptibility as a measure for 
the temperature. And it is evident that 
a thermometer of this kind becomes very 
sensitive at low temperatures. For ex- 
ample, between 4° and 1° the suscepti- 
bility changes in the proportion 1: 4. 
We have a thermometer of this kind in 
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our apparatus. We measure the susce; 
tibility by bringing a system of two coils 
around the place where, inside the appa- 
ratus, the salt is situated, and sending a) 
alternating current through the primary 
coil; the induced e.m.f. in the secondary 
depends on the susceptibility of the sal; 
which is fixed within these coils. This 
induced e.m.f. is amplified in a little set 
(which the Cambridge Instrument Com 
pany have very kind.y lent me for t 
demonstration), then it is rectified and 
sent to a galvanometer that shows t 
deflections on this scale. Of course, 1 
system is compensated in such a way 
that the deflection zero corresponds t 
susceptibility zero within the coils 
Thus the deflections on the scale ar 
direct measure of the susceptibility, and 
as this changes with 1/T, the deflections 
are proportional to1/T. At the moment 
the thermometer is showing about 2°. 

Now we can continue considering how 
to approach nearer to the absolute zer 
As I have mentioned already the lowest 
temperature reached by reducing the 
vapor pressure of liquid helium is 0.7 
At this point the vapor pressure is s 
small that it is in practice impossible 1 
proceed further. <A gas with a still lower 
boiling point does not exist. Very prob 
ably the new helium isotope, helium 
discovered in the Cavendish Laboratory 
will be more suitable for reaching low 
temperatures, if it can ever be obtained 
in sufficient quantities, but there will bé 
no difference in the order of magnitude 

You may be wondering why wi 
should bother to get still nearer to abs 
lute zero, as it seems so difficult now t 
get down any further. What can stil 
happen in this small region? To answe! 
this question, we have to ask another 
When can one predict that something 
will happen in a certain temperatur 
region ? 

Let us assume that the phenomeno: 
we are interested in is connected with an 
energy change of a certain quantity 
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Then the thermal agitation will have an 
influence on it when it itself reaches this 
order of magnitude. So we see that 
from this point of view, there is no sense 
in speaking of an absolutely high or an 
absolutely low temperature; it is always 
necessary to compare it with the phenom- 
enon in which we are interested. For 
instanee, room temperature is a very low 
temperature if we look for the evapora- 
tion of diamond, because its heat of 
evaporation is very high (t.e., only at 
high temperatures is the thermal agita- 
tion big enough to push a carbon atom 
out of the crystal). But room tempera- 
ture is a very high temperature if we 
look for the evaporation of hydrogen, as 
its heat of evaporation is very small. So 
the question is, are there any phenomena 
eonnected with very small energy 
changes, that means, phenomena which 
will still happen at very low tempera- 
tures ? 

If the atoms were only points possess- 
ing attractive or repulsive forces, then 
certainly nothing much of interest 
would happen within the new region. 
The thermal agitation would become 
smaller, but this would not give rise to 
any new phenomena. However, we 
know that although in the kinetic theory 
it was for a long time sufficient to treat 
the atoms as points with attractive and 
repulsive forces, yet this is certainly not 
a complete picture. We know that the 
atoms are built up from nuclei and elec- 
trons. In general one is accustomed to 
find the effects of this complexity of the 
atoms only in gases at high temperatures, 
as most of them are connected with big 
changes of energy. It is true that at 
normal temperatures the effects originat- 
ing in the complexity of the structure of 
the atom are not very striking in a solid 
body, but certainly some do exist. For 
instanve, we spoke just now of the mag- 
netic properties of some salts. If the 
atoms were only points with forces, they 
eould not show any magnetic properties. 
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These are due to the motion or the spin 
of the electrons, and here we have one 
effect of the structure of the atom. We 
have seen already that this effect becomes 
more and more striking as the tempera- 
ture is lowered. We have also considered 
another phenomenon that would not 
have been possible if the atoms had only 
been points. 


A system of points could 


not show inetallic conductivity. That is 
due to electrons split off the atoms within 
the metal, and we have seen that 


these electrons, something happens only 


wit! 


at very low temperatures, namely supra 
conductivity. Here 
place connected with an energy differ 


some change takes 
ence of such an order of magnitude that 
it becomes equal to the thermal agitation 
only at very low temperatures; and | 
may mention that at present it is not 
known what exactly is happening in the 
metal. It would be very important to 
see whether, at still lower temperatures, 
all metals become supraconductive, that 
is, whether it is a general property of all 
metals. 

So we see that it 
tend our temperature 
temperatures, and we will find later o1 
that there are still more phenomena that 
ean be expected to take place below 1 

But in order to go lower, how can we 
proceed ? 
a low temperature, one must have a sys 


interest to ex 


is of 


range to lower 


As we discussed before, to get 


tem at one’s disposal which is still in a 
big state of disorder, and one must be 
able to change this disorder by changing 
At these tempera- 
What 
exist ? 


an external variable. 
tures we no longer have gases. 
other disordered still 
Well, we have just seen one, namely, the 
paramagnetic salt which still follows 
Curie’s and about ten years 
Debye and Giauque proposed using this 


for the generation of still much lower 


systems 


ago 


law, 


temperatures. 

To understand the principle, look at 
Fig. 5, which represents a paramagnetic 
salt. The circles represent the atoms 
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PRINCIPLE OF THE MAGNETIC COOLING 
METHOD. 


Fig. 5. 


arranged in a crystal lattice, and the lit- 
tle arrows represent the magnetic mo- 
ments attached to every atom. Without 
a field (Fig. 5 A) there exists, as we saw 
before, a random distribution of the 
directions of the dipoles, so the disorder 
in this system consists of two parts; one 
is due to the distribution of the direc- 
tions of the dipoles and the other to the 
thermal motion of the atoms. (The 
diameters of these circles indicate the 
magnitudes of the vibrations and give 
also in this way a measure for the dis- 
order to the thermal vibrations.) Apply- 
ing the field now (Fig. 5 B) it will try to 
order the directions of the dipoles. 
Making it adiabatic, that is, having the 
system isolated thermally from its sur- 
roundings, the whole state of order 
should remain constant, which means 
that the disorder due to the thermal 
movement must increase, in other words, 
the temperature rises (corresponding to 
the compression of the gas in our former 
example). Making heat contact with the 
surroundings the system cools down to 
the initial temperature, so that now the 
state of order has increased (Fig. 5 C). 
Now, isolating the substance from the 
surroundings, and taking the field away, 
the dipoles try to distribute their direc- 
tions at random again, the disorder due 
to this increases, but as the whole state of 
order must be constant, the temperature 
must fall (Fig. 5 D). (Corresponding 
exactly to the adiabatic expansion of the 


gas. ) 


Within the last few years this method 
has been used experimentally, and at 
nearly the same time Giauque in Califor. 
nia, de Haas in Leiden and Dr. Kiirtj 
and I began to work with it. We devel- 
oped the technique so that it is now fairly 
easy to work with this procedure, and w: 
ean show you an experiment with it her 
in this room. 

We will look once again at Fig. 4 
There you see within the lower vessel two 
different paramagnetic salts A and B, s 
that we can do two different experiments 
To earry out the cooling by this method 
one has to have the substance in thermal! 
contact with the surroundings when the 
field is switched on, and isolated when 
the field is switched off. We do this auto- 
matically by suspending the substance in 
a little glass tube closed at both ends and 
filled with about 1 em helium at room 
temperature. This gas makes a heat con- 
tact with the surrounding helium bath 
during magnetization. Switching the 
field off the substance cools quickly, and 
the helium gas has to condense on it, as 
the vapor pressure falls rapidly with 
falling temperature. Choosing the right 
dimensions and vacuum conditions, one 
can in this way use the cooling substance 
itself as a pump. 

Now we will begin with an experi- 
ment* taking first the upper substance, 


A, manganese ammonium sulfate. We , 


bring the magnet into position and 
switch on a field of about 10,000 gauss. 
We have to wait now for about a minute 
until the heat of magnetization is carried 
away. Next we remove the magnet and 
bring the coils for the temperature 
measurement into position. The sub- 
stance has cooled down, the thermometer 
points to about 0.25°. At the same time 
you notice that the temperature keeps 
quite steady. 


4 During the lecture a wire of the thermome- 
ter circuit broke, so that the experiment could 
not be performed. However, it was shown to a 
large number of the audience three quarters of 
an hour later when the trouble had been 
repaired. 
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We will now make another experiment 
with the lower substance, B, iron ammo- 
nium alum, and the same field. We have 
now reached 0.1°, and you see that again 
there is hardly any change of tempera- 
ture. 

Now we will look at Table I, which 
gives the vapor pressures of helium at 
different temperatures. Although they 
have not been measured experimentally, 
these figures are very accurate, since we 
have all the necessary data at our disposal 


TABLE I 
VAPOR PRESSURES OF HELIUM 


Te p (mm) 
1.0 1.5 x 10-1 
0.7 3.2 x 10°38 
0.5 2.5 x 10-5 
0.3 7 x10-10 
0.2 3 x10-15 
0.1 3 x10°31 
0.05 4 x10-62 
0.03 6 x 10-103 


for ealeulating the vapor .pressures ac- 
cording to the second law of thermo- 
dynamics. You see that at 0.1° the 
vapor pressure is 10°", and at 0.25° it 
would be about 10°*, so that there is 
practically no gas which could transmit 
heat from the surroundings. At 0.5°, 
however, we have a vapor pressure 10°, 
which is no longer negligible. In this 
ease the substance would warm up much 
more quickly, and so we have the para- 
dox that it is much easier to keep a tem- 
perature below, let us say 0.3°, than one 
above this temperature.° 

At these very low temperatures one 
ean get any isolation one likes, for in- 
stance, at 0.03° we have a vapor pressure 
of 10°°*. The surroundings of the sub- 
stance are at a temperature of about 1°, 
where the radiation is certainly negligi- 

5 Of course, one could establish a vacuum by 
means of pumps, but at low temperatures the 
helium is absorbed in big amounts on the walls, 
and it would take a very long time to obtain a 
sufficiently high vacuum. 
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ble, and one can make the suspension so 
that very little heat is conducted to the 
substance. Thus we have really no diffi- 
culty in keeping temperatures as long as 
we like, even working with very small 
amounts of substances. 

You saw that using different paramag 
netie salts, we reached different final 
temperatures, which means that all sub 
Stances are not equally good for this 
method. Of the many substances we in- 
vestigated, iron’ ammonium alum was 
found the most suitable, and with it we 
have got down to about 0.04°, using a 
field of 14,000 ga@ss. De Haas reached 
0.015° with this procedure, using potas- 
sium chromium alum, and having the 
huge magnet of the Leiden Laboratory 
at his disposal. 

I may remind you that the tempera 
ture of a material body in the interstellar 
space can not fall below 2° or 3° K., as 
it always has to be in equilibrium with 
the stellar radiation. So you see that in 
this case we can realize in the laboratory 
a lower temperature than we can find in 
nature, and we can surpass the condi 
tions found in nature in still another 
way. We will look once again at the 
table of the vapor pressures of helium, 
the most volatile gas existing. In the 
interstellar space there is a vacuum of 
about 10°? em. Hg. You see that we 
have already reached this pressure in a 
space surrounded by a body at a tem- 
perature of about 0.15°, even when it is 
filled with the most volatile gas. At 
0.03° the pressure would be so small that 
in the whole galaxy we would not find 
one single atom in equilibrium with it. 
So, in the directions of low density and 
low temperature, we can surpass in the 
laboratory the conditions found in 
nature, whereas, in the opposite direc- 
tion it is extremely unlikely that we will 
ever reach the high temperatures and big 
densities to be found in the stars. 

There is not much point in generating 
low temperatures simply for the fun of 
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playing among the low figures. How can 
one make investigations on substances 
other than the paramagnetic salts? The 
most simple way is to press the paramag- 
netic salt and the substance to be inves- 
tigated together, so that they form a solid 
pill. In cooling down the salt, the sub- 
stance cools with it. In this way we 
examined a lot of metals to see whether 
they became supraconducting or not, and 
three new supraconductors were found 
in the new region. Some other metals, 
however, did not become supraconduct- 
ing down to 0.05°. 

At the same time these measurements 
showed us still another thing. Cooling 
an additional substance with the para- 
magnetic salt and seeing how far the 
temperature is lowered in demagnetiz- 
ing, compared with the temperature 
reached in demagnetizing the pure salt, 
one can measure the specific heat of the 
additional substance, and see whether 
anything happens within the new tem- 
If there is any change 


perature region. 
of energy within the substance that is 
equal to the thermal agitation in the new 
region, then it should be seen in these 


specific heats. And there is a very defi- 
nite thing that must be expected to hap- 
pen in this region. As is known from the 
analysis of the atomic spectra, there is an 
interaction of the magnetic momenta of 
the nucleus with that of the electrons, 
chiefly the valency electron. As a result 
of this, the ground state of the atom is 
split up, and the energy difference be- 
tween the different levels is of such an 
order of magnitude that the new tem- 
perature region is characteristic of it. 
We have already got some results in this 
direction, but it would be proceeding too 
far now to go into details. 

You saw that within this new tempera- 
ture region there really are things that 
still happen, and it is not only a game 
with low temperature figures. One can 
also say that it will be both necessary and 


interesting to investigate temperatur 
lower than those yet reached. 

What imposed the limit to the ten 
peratures reached above? It should | 
possible to get down to any temperatur 
if the dipoles in the salt were perfect 
free, because then, even as near to abs 
lute zero as one likes, there would bh 
random distribution of the magn 
dipoles, and we would always still hay 
a means of lowering the temperatu 
But here the same thing happens as i, 
the case of gases. If we had still a 2 
at these very low temperatures, we « 
certainly use it for lowering the tempera 
ture, but no more gas exists, becaus 
there are forces between the atoms tf] 
cause the system to pass over to a stat 
of order—the crystal—and there is 
longer any disorder that we could ma! 
use of for lowering the temperature. | 
the paramagnetic salt the same thing 
happens, only at temperatures about 10) 
times lower. In them there also exists 
interaction forces which have the effect 
of establishing an order within the sys 
tem without an external magnetic field 
and so at these temperatures the para 
magnetic salts cease to be of use. Thes: 
temperatures differ, of course, from su! 
stance to substance, and we saw in 
experiments that the manganese amm 
nium sulfate passed over into this stat: 
earlier than the iron ammonium alum 
Of course, one could get a bit furthe: 
by using still stronger magnets, but | 
think the practicable limit has bee: 
reached with the dimensions of th 
Leiden magnet. 

A more hopeful way seems to be t 
work in two stages. That means, first 
work down to about 0.05°, and the 


starting at this temperature go still lower 


with a new procedure, like the cascad: 
for liquefying gases, which was used s 
much in the past. Of course, to get t 
appreciably lower temperatures for th¢ 


lower stage it will be necessary to find a 
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substance in which these interaction 
forces, Which tend to bring the system 
into an ordered state, are still smaller 
than within the substances hitherto used. 
[ have already said that the interaction 
forces between the nuclear moments and 
their surroundings are very small, and 
in the second stage one will have to try 
to work with a substance that exhibits 
nuclear paramagnetism. 

But even here there are some interac- 
tion forees, and so this will only work for 
a bit of the way to absolute zero. And 
with all other phenomena that may still 
happen in the new temperature region, 
it will certainly be the same. There 


exists a law, Nernst’s Theorem, also 
ealled the third law of thermodynamics, 
which is confirmed by all experiments. 
It postulates that at absolute zero all 
substances are in a state of perfect order, 


or in other words, that the state of lowest 
energy must be a state of perfect order 
And we know now that 
it will be impossible ever to reach the 
zero of temperature absolutely. But this 
does not mean that one can not get below 
a certain limit, say 1/10,000 It will be 
possible to reach any finite temperature, 


this means that 


But the tech 
nique of reaching such a temperature 
will always be dependent on finding a 
phenomenon, connected with only a very 


be it as small as you like. 


small energy change, 
And so 
degree, or as we may say now, the 
1/100° to though 

lutely very small, stretches in reality an 
infinite And 
infinity is not an empty one, but one that 


happening within 
a system. you see that this last 

last 
abso 


absolute zero, 


this 


distance before us. 


is filled with phenomena worth investi 
gating. 





SCIENCE AND MILITARY TECHNIQUE 


By ROBERT K. MERTON 


DEPARTMENT OF SOCIOLOGY, HARVARD UNIVERSITY 


The subjects investigated by science are deter- 
mined by social, as well as purely scientific, fac- 
tors.—Military technology has focussed scientific 
attention upon certain groups of problems.— 
About ten per cent. of the research conducted by 
members of the Royal Society in seventeenth- 
century England was so influenced. 

Tue foci of scientific interest are deter- 
mined by social forces as well as by the 
immanent logic of science. It is only by 
examining extra-scientific influences that 
one can fully comprehend the reasons 
why scientists have applied themselves to 
one field of investigation rather than to 
another. For science is a social out- 
growth and the direction of scientific 
is largely induced by social 
factors. With the view of tracing such 
a connection between and so- 
ciety, I shall indicate the ways in which 
military exigencies have encouraged the 
growth of one branch of science, especi- 
ally in seventeenth-century England.’ 

The seventeenth century in England 
was one in which war and revolution 
were rife. Moreover, the dominance of 
firearms (both muskets and artillery) 
over side-arms first became marked at 
this time—swords and pike disappeared 
almost completely as weapons of impor- 
tance (except as they were incorporated 
in the removable bayonet about 1680). 
Especially notable was the enhanced use 
of heavy artillery, for in this field oc- 
eurred a change of scale which raised 
new technical problems. Ever since the 
early fourteenth century, cannon, or 
‘*firepots,’’ had been used in warfare, 
but it was not until three centuries later 
that they played an important réle in 
military technique. 

1 Compare the paper by B. Hessen in ‘‘ Science 
at the Cross Roads,’’ pp. 151-212. London, 
1932. 


research 


science 


Leonardo was one of the first 
bine military engineering and s 
prowess, as is evidenced by his polyg 
fortress, steam breech-load 
cannon, rifled 
pistol. Other scientists likewis 
ployed themselves with such matt 
Niccolo Tartaglia, in his ‘‘Nuova 
enza’’ (1537), dealt with the theory 
practice of gunnery. Georg Hartn 
invented a scale of calibers which p 
vided a standard for the productior 
guns and furthered the empirical 
of firing. Galilei, in his ‘‘ Dialog 
suggested that (ignoring air resista: 
the trajectory of a projectile describ 
parabola; while Torricelli 
himself in great detail with the proble 
of the trajectory, range and fire zone 
projectiles. Leibniz, as is evidenced | 
his posthumously discovered writings 
was greatly concerned with vari 
aspects of military probiems, such as 
‘‘military medicine,’’ ‘‘military math« 
matics’’ and ‘‘military mechanies.’’ Hi 
also worked on a ‘‘new air-pressur 
gun,’’ as did Otto von Guericke and 
Denis Papin. Isaac Newton, in |} 
**Principia’’ (Bk. IT, sect. i-iv) at 
tempted to calculate the effect of air 
resistance upon the trajectory of a pr 
jectile. Johann Bernoulli, who als 
studied the expansion of gunpowder 
gases, pointed out Newton’s error, wit 
the result that it (Bk. II, Prop. 37) wa 
eliminated in the second edition of the 
**Principia.’’ Euler continued the the 
ory that the parabola best approximates 
the actual trajectory of a projectile; a 
subject dealt with minutely by Mauper 
tuis. 

But all this simply indicates that out 


cannon, 


firearms and whee! 


concerne 
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standing scientists have at times been 
directly concerned with matters of mili- 
tary technique. In the 
ways in which such practical exigencies 
research in fields of 
‘‘nure”’ science, it is necessary to make 
a detailed study of another sort. 

The technical and scientific problems 
set by the development of artillery in the 
seventeenth century were briefly these. 
Interior ballistics is concerned with the 
formation, temperature and volume of 
the gases into which the powder charge 
is converted by combustion, and the work 
performed by the expansion of these 
gases upon the gun, carriage and pro- 
jectile. Formulae for the velocity im- 
parted to a projectile by the gases of 
given weights of gunpowder and for 
their reaction upon the gun and carriage 
must be computed to determine the cor- 
rect relation of the weight of charge to 
the projectile’s weight and length of 
bore, the velocity of recoil, and the like. 

Not only were such nineteenth century 
scientists as Gay-Lussac, Chevreul, Gra- 
ham, Piobert, Cavalli, Mayevski, Otto, 
Neumann, Noble and Abel concerned 
with these problems, but many 
earlier investigators. Of obvious fun- 
damental importance for interior bal- 
listies is the relation between pressure 
and volume of gases. That the volume 
of any gas varies inversely as its pres- 
sure was first stated by Boyle in 1662 
and verified independently by Mariotte 
some fourteen years later. Apparently 
Boyle was not unaware of the relation 
between his discovery and problems of 
interior ballistics, for he proposed to the 
Royal Society ‘‘that it might be ex- 
amined what is really the expansion of 
gunpowder, when fired.’ This same 
problem was investigated in detail by 
Leeuwenhoek, who, although he resided 
in Holland, may be considered in the 


2 Thomas Birch, ‘‘The History of the Royal 
Society of London,’’ I, p. 455, 4 vols. London, 
1756. 
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respectively. 

At one of the 
lord 


was desired to prosecute the experiment 


powder 


Society in and 


earliest meetings of the 
society ‘‘the viscount Brouncker 
of the recoiling of guns, and to bring it 
in at the next meeting.’ These experi 
ments were frequently repeated and fol 
lowed with great interest by the other 
members of the society 

Exterior ballistics is concerned with 
the motion of a projectile after it leaves 
the gun: it treats of the trajectory and 
the relation between the velocity of a 
projectile and the resistance of the air. 
The most notable experiments in exterior 
ballistics in the last two centuries were 
those by Robins, Hutton, Didion, Pois- 
Helie, Bashforth, Mayevski 
but these were in turn largely 
based upon scientific work of the preced- 
ing period. 

The fact 
**Discorsi,’’ 


son, and 


Siacci, 


introduced his 
with the 


that Galilei 
in which he dealt 
trajectory of a projectile, with an ac- 
knowledgment of the assistance rendered 
him by the Florentine arsenal suggests 
that he was aware of his work for bal- 
Moreover, as Whewell noted, the 
the 


listics. 
practical military applications of 


3 Birch, op. cit., I, p. 8. 
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doctrine of projectiles doubtlessly helped 
to establish the truth of Galilei’s views. 

The study of the free fall of bodies— 
so essential to exterior ballistics in its 
initial stages—was continued by Robert 
Hooke in his experiments with the fall 
of ‘‘steel’’ bullets. He followed this in- 
vestigation with some experiments de- 
signed to determine the resistance of air 
to projectiles. This resistance, he main- 
tained, could be tested by ‘‘shooting 
horizontally from the top of some high 
tree.’” Hooke went further and con- 
structed an engine ‘‘for determining the 
foree of gunpowder by weight’’—an ex- 
periment which proved of sufficient inter- 
est to be repeated at two subsequent 
meetings of the society. 

Christopher Wren, concerned with the 
invention of ‘‘offensive and defensive 
engines,’’ was, with Wallis and Huygens, 
the first to state correctly the motion of 
bodies in their direct impact. This law, 


together with the first two laws of mo- 


tion, affords a basis for an approximation 
to the trajectory of a projectile. Roger 
Cotes, Newton’s disciple who redacted 
the second edition of the ‘‘Principia,’’ 
similarly occupied himself in his ‘‘ Har- 
monia Mensuarum’’ with the motion of 
projectiles. 

The problem of the trajectory was at- 
tacked by Halley, who demonstrated the 
utility of Newton’s analysis in the 
‘*Principia’’ for this purpose. Cogni- 
zant of the economic, as well as technical, 
advantages to be derived from his mathe- 
matico-mechanical formulation of the 
approximate trajectory of projects, Hal- 
ley indicated that his ‘‘rule may be of 
good use to all Bombardiers and Gun- 
ners, not only that they may use no more 
Powder than is necessary to cast their 
Bomb» into the place assigned, but that 
they may shoot with much more cer- 
tainty.’’® 

4See the ‘‘Principia,’’ ‘‘Scholium to Laws 


of Motion.’’ 
5 Philosophical Transactions, 16: 3-20, 1686. 
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Sir Robert Moray introduced to the 
society Prince Rupert’s gunpowder, ‘‘j; 
strength far exceeding the best English 
powder,’’ as well as a new gun invented 
by the prince. Moray likewise suggested 
a series of experiments in gunnery, which 
were broadcast in the Transactions 
These trials aimed to determine the rela- 
tion between the quantity of powder, 
caliber of gun and the carrying distance 
of the shot. Similar experiments were 
conducted by the sometime Savilian pro- 
fessor of astronomy, John Greaves. 

It appears evident that contemporary 
scientists were interested in problems 
and investigations which pertained di- 
rectly to military technology, but, what 
is perhaps less apparent and more sig. 
nificant, many researches devoted to 
**pure science’’ were also related to such 
problems. For example, the study o! 
the free fall of bodies, which since Galilei 
occupied such a prominent place in phys- 
ical research, is necessary, if the trajec- 
tory and velocity of a projectile is to be 
determined. The connection between 
these problems was made explicit when 
an experiment was frequently performed 
before the Royal Society ‘‘for finding the 
velocity of a bullet by means of the in- 
strument for measuring the time of fall- 
ing bodies.’”* 

In an effort to determine the approxi- 
mate extent to which military techniques 
and problems have tended to focus the 
attention of scientists upon certain prob- 
lems, I have computed the comparative 
number of inquiries and experiments 
carried on by the Royal Society which 
are related, directly and indirectly, to 
such military needs. By tabulating the 
number of experiments listed in the 
minutes of the society during four years 
in the later seventeenth century and 
classifying them in terms of the fields to 
which they pertained, it is possible to 
secure an approximate comparison of 

6 Birch, op. cit. I, pp. 461, 474, passim. 
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Each experiment or inquiry 
listed in the society’s minutes (as pub- 
lished in Birch’s History) 
ne ‘‘unit’’ and classified in the field to 
which it is most closely allied. The field 
f military technology was classified in 
the following fashion. 


this kind. 


is counted as 


MILITARY TECHNOLOGY 
. Directly related research: 
(1) Study of trajectory and velocity of pro 
jectiles. 
(2) Processes of casting and imp 
of arms. 
(3) Studies of the relation of the le 
gun-barrels to the range of bullets. 
(4) Study of the recoil of guns. 


(5) Experiments with gun-powder. 


ngth of 


Indirectly related research: 

(1) Compression and expansion of gases: 
relations between volume and pressurt 
in the gun. 

(2) Strength, durability and elasticity of 
metals: elastic strength of guns. 

(3) Free fall of a body and conjunction of 
its progressive movement with its free 
fall: determination of the trajectory 
of projectiles. 

(4) Movement of bodies through a resistant 
medium: enables a closer approxima 
tion to the trajectory of projectiles 
as influenced by air resistance. 


In the year 1661, the Royal Society 
pursued 191 separate scientific investiga- 
tions. Of these, 18 (15 directly related, 
3 indirectly related) or 9.4 per cent. were 
related to military technology. In 1662, 
of 203 projects, 23 (4 direct, 19 indirect) 
or 11.3 per cent. ; in 1686, of 241 projects, 
32 (22 direct, 10 indirect) or 13.3 per 
cent. ; and in 1687, of 171 projects, 14 (8 
direct, 6 indirect) or 8.2 per cent. Thus 
we see that on the average about 10 per 
cent. of the research carried on by the 
foremost scientific body in seventeenth- 
century England was devoted to some 
aspect of military technique. To an 
appreciable extent, then, this one extra- 
scientific factor tended to focus scientific 
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hardly appreciable fashion to military 
or economic developments. Thus science 
develops a corpus of investigation which 


has its origin in strictly scientific, and 
not 


It is these developments (which probably 


grossly utilitarian, considerations. 


constitute the greater part of science 


arising from the relative autonomy of 
scientific work that seem to have little or 


no connection with social forces. 





A THEATER OF THE SCIENCES 


By Dr. IRA M. FREEMAN 


SOMETIME FELLOW OF THE INSTITUTE OF INTERNATIONAL EDUCATION 


THE steadily increasing interest in sci- 
entific matters on the part of the general 
public is one of the most remarkable 
social and cultural phenomena of recent 
years. The wide-eyed wonder at the 
‘‘mysteries and marvels of science,’’ 
which wus the characteristic reaction of 
the public a quarter of a century ago, is 
being replaced by a sober inquisitiveness 
and serious interest; and thinking indi- 
viduals are demanding that their curi- 
osity regarding scientific matters be satis- 
fied in a legitimate manner. 

It is true that attempts are being made 
to meet this need. There are press asso- 


ciations and individual newspapers con- 
veying trustworthy and accurate scien- 


tific information to their subscribers, but 
neither scientific journalists nor journal- 
istic scientists have been able to reach 
any degree of unanimity on methods of 
presentation,’ and—with the exception 
of a small number of reputable writers 
and press associations—the field is still 
in the hands of charlatans who, in their 
innocence, believe the average person to 
be like the simple hero of one of George 
Ade’s stories who ‘‘was kicked in the 
head by a mule when very young and 
believed everything he read in the Sun- 
day papers.’’ Perhaps the generally 
prevalent underestimation of the public 
intelligence is responsible for our failure 
here as well as in connection with another 
potentially promising yet virtually un- 
explored cultural medium—the motion 
picture. 

It might be urged that it is the duty 
of the schools to satisfy this want, but 

1 See, for example, the letters by two of our 
leading scientific journalists in Science, June 


14, 1935 (p. 591), and in the same journal for 
June 28, 1935 (p. 640). 
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obvious difficulties exist: In the first 
place, a large number of the population 
ean not take advantage of formal instrue- 
tion because they do not have sufficient 
preparation, adequate time or the re- 
quired funds. The survey courses 
science which are finding their place in 
the curricula of more and more institu- 
tions of higher learning serve an admi 
rable purpose in interpreting the spirit 
of scientific endeavor to college students 
who have had no previous scientific train- 
ing, but they are at once unavailable t 
the great body of people who can not 
attend college. 

Moreover, the hypothetical intelligent 
layman does not ask for systematic i: 
struction. He wants, more often, imm 
diate and intelligible answers to partic: 
lar questions which arise in his mind 
usually through some everyday contact: 
and he insists that his information bé 
vividly, simply and interestingly pr 
sented. Frequently he desires, too, a1 
inkling of how science and scientists 
‘‘vet that way,’’ 1.e., some idea of the 
spirit, methods and scope of science. Th« 
remaining part of the complete account 
—the story of the systematic structure 
of science and its orderly array of sup- 
porting facts—is something which must 
be administered deftly and unobtrv- 
sively, if at all. 

It must be realized, of course, that w 
ean not make of every layman a trained 
scientific investigator (nor would this be 
a very interesting world if we could!), 
but we can direct interest in science t 
gratifying ends. We need but recog- 
nize the fact that, besides having in- 
trinsic ‘‘practical’’ worth, science can bé 
looked upon as a cultural pursuit, de- 
serving of a place alongside music, the 
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drama, rt, literature, ete., in the 
of the individual—as a hobby, which it 
often was in iis earlier history—quite 
apart from any professional or technical 
applications it may have. Indeed, ac- 
cording to Pearson,” ‘‘there is an insa- 
tiable desire in the human breast to 
resume in some short formula, some brief 
statement, the facts of hnman experience. 
... It leads civilized man to ex- 
press his emotional experience in works 
of art, and his physical and mental 
experience in the formulae or so-called 
laws of science. Both works of art and 
laws of science are the product of tle 
creative imagination, both afford mate- 
rial for the gratification of the aesthetic 
judgment.’’ 

If, then, we face the fact that interest 
in science on the part of the people is 
beginning to manifest a sort of restless 
germination, and if we realize that 
neither the press nor the school is at 
present able to foster that interest ade- 
quately, how is the situation to be met? 
In order to answer this question, let us 
examine the means by which some other 
attributes of a cultural life are garnered. 
A love and appreciation of good music 
is, of course, fostered by hearing com- 
petent and artistic renditions of musical 
compositions ; interest in art is developed 
and quickened by viewing actual works 
of art; the spirit of the drama is to be 
sought in representative plays inter- 
preted by talented actors. Often we 
must be content with substitutes for these 
stimulating first-hand contacts: We listen 
to phonographic or radio renditions of 
music in place of enjoying the sparkling 
animation which only the concert hall 
ean offer. Compare the satisfaction of 
perusing a pedantic treatise on the drama 
with witnessing an absorbing play well 
acted. Contrast the reading of a printed 
essay with listening to an eloquent, ar- 
resting speaker! 

2 Karl Pearson, ‘‘The Grammar of Science,’’ 
Pt. I, p. 36, The Macmillan Company, 1911. 
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is we may understand 


From all of th 


P > + 
I inter- 


that the direct and vivid method of 
p: tation exemplified by the theater, the 


eoncert hall and the opera house—involv- 
rdinated ar al to 
audiiory sens*s— 


ing a simultaneous, coo 
both the and 

might prove the most effective means of 
By a long 


visual 


presenting scientific material. 
process of evolution, the theater has de- 
veloped a spirit and method of portrayal 
which is basically well founde:. and ef- 
fective. The psychology of the theater 
is essentially sound; the auditors come 
to be entertained—they are at once i 

receptive mood. The physical devices of 
the ideal modern playhouse sustain and 
enhance this spirit; the skilful blending 
of form, color and music into a harmo- 


arts to 


nious whole, the fusion of many 
produce a pleasing effect—all these con- 
tribute to the the offering, 


whether its purpose be casual diversion 


sueeess of 
or the transmission of an earnest message 

In order to adapt both the spirit and 
the physical equipment of the drama to 
the presentation of scientific information, 
it is proposed that a Theater of Science 
theater by 


demonstrations, 


be established—a where, 
means of 
chief roles are played by natural phe- 


nature 


. . 
extensive the 


laws of 


sé 


nomena and where the 
personal ap- 
the 


same 


may be seen in intimate 
pearance.’* Otherwise expressed, 
science theater would stand in the 
relation to all science and technology as 
the planetarium does to astronomy. 

In a large city or center of population, 
a building would be erected to house the 
auditorium, preparation rooms, appara- 
tus storehouse, shops, library, conference 
rooms and offices. The theater andi- 

8 While these views are here expressed in the 
language of the theater, this type of presenta 
tion is not to be confused with dramatic offer 
ings or motion picture plays based upon episodes 


have often been suggested and some examples 
have actually appeared. Consult: Benjamin C. 
Gruenberg, ‘‘ Science and the Public Mind,’’ pp 
127-8, The McGraw-Hill Book Company, 1935. 
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torium must have upon its stage highly 
adaptable lecture and demonstration 
tables fully equipped with those features 
found in modern university science lec- 
ture halls and with certain others made 
necessary by the peculiar requirements 
of the present endeavor. Running water, 
compressed air, compressed oxygen, il- 
luminating gas and electric current at 
various voltages and frequencies should 
be available. 

The apparatus used in conjunction 
with demonstration lectures is to be as- 
sembled in preparation rooms flanking 
the lecture platform. If lectures are to 
follow one another at rather short inter- 
vals—and this is almost a necessity if 
building and equipment are to be utilized 
to best advantage—a revolving stage 
would be highly desirable, so that one 
lecture might be set up on the rear sec- 
tion of the stage while another is in prog- 
ress on the side facing the auditorium. 
Revolving stage installations in several 


American and European playhouses are 


operating with suecess and contribute 
effectively to the enjoyment of the per- 
formance by shortening entr’actes and 
by permitting of novel effects otherwise 
impossible.* Air conditioning of the 
auditorium would not only contribute to 
the comfort of the audience but would be 
of decided value with respect to the suc- 
cessful operation of the demonstrations, 
é.g., humidity control for electrostatic 
experiments. 

Visual aids are, of course, of utmost 
importance here and must be available 
in every required form. Provision 
should be made for the effective display 
of charts and graphs, and there must be 
complete projection equipment for stand- 
ard sound motion pictures® and for slides. 

4See, for example, Irving Pichel, ‘‘ Modern 
Theatres,’’ New York: Harcourt Brace and 
Company, 1925. 

5 These may be used in connection with cer- 
tain lectures where suitable film subjects are at 
hand. A reasonably complete selection of such 
films does not yet exist. For more advanced 
auditors, however, subjects such as those made 
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A useful addition to the projection la 
tern is an attachment for opaque pr 
tion of geological specimens, ete. 
microprojector is 
cially in conjunction with lectur 
biology. 

Demonstration apparatus for use 
the science theater must be selected y 
great care and with regard for simp 
ity. The present tendency appears 
be to make a piece of apparatus br 
with vacuum tubes and photocells, 
these highly sophisticated impedin 
serve only to obscure the basic simplic 
of the phenomena to be shown. Bes 
being the 
should be designed in a way which ma 
it easily visible to a large audience. 
paratus built for ordinary laboratory 
may be inadequate in certain insta 
requiring special constructions of 
roic’’ size. 

Far more important to the success 
this venture than plant and equipme 
is the type of lecture offered in the Th 
ter of Science. The cardinal princi; 
is the fact that the lectures are for t 
benefit of the layman and not for t 
trained scientist—indeed, in no case must 
any previous special knowledge, training 
or background be presupposed. In tlh 
words of the late Edwin E. Slosson, t! 
first director of Science Service,® the ex 
positor must ‘‘ weave in’’ the background 
as he goes along. The lectures must 
always be entertaining and of human 
interest and—in a legitimate sense—spec 
tacular. Their aim must be to conve) 
something of the spirit and methods of 
science rather than a mass of detailed in 
formation. The presentations should be 


indispensable, <¢ 


severely simple, appara 


cooperatively by The University of Chicago and 
the Erpi Pictures Consultants of New York are 
obtainable. See H. B. Lemon in Journal of the 
Society of Motion Picture Engineers, pp. 62-67, 
January, 1934. 

6 A highly reputable press service, with head- 
quarters in Washington, D. C., supplying ac- 
curate science news to many of the country’s 
leading newspapers, and publishing the weekly 
Science News Letter. 





A THEATER OF THE SCIENCES 


accurate, definite and informative, but 
not necessarily systematic. Any actual 
instruction which the audience receives 
will be obtained in the guise of entertain- 
ment. The publicity material should 
stress this point by billing the lectures as 
‘‘entertainments,’’ and auditors should 
be left to discover for themselves the sub- 
stantial content and value of the lectures 
without being continually reminded that 
‘uplifted’’ 


‘ 


they are to be er ‘‘inspired.’’ 
To label these lectures explicitly ‘‘cul- 
tural’? would be fatal. Millions 
viewed the excellent science exhibits at 
the recent Century of Progress Exposi- 
tion in Chicago found them absorbingly 
interesting and came away feeling that 
they had had a good time. They were 
not stampeded into attending, and sci- 
ence, on its own merits 
cessfully with the great variety of other 
“‘entertainment’’ offered at the exposi- 
tion. 

The regular lectures are intended to 
appeal to the average adult. However, 
it may be desirable to offer afternoon lec- 
tures for juvenile audiences as well.’ 
School children of to-day exhibit an eager 
inquisitiveness regarding and 
technology, and it is fully as important to 
nurture and develop their interest in this 
instant as it is to awaken and to guide 


who 


Ci ym peted suec- 


science 


7 Similar, for example, to the famous Christ- 
mas Lectures at the Royal Institution in London. 


particular topies 


} 
biblik 
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ing a small 
volving course tick 
and life membershi 
scription to a reputable 
periodical, also sugges 
It is entirely 
sufficient size 
ence—a source 
and divers 


ment 
strife and bickering of a ch: 


fountainhead of inspiration wi! 


time of trouble, one may take 


in the immutability and steadfast 


manence of eon-old natural laws, a means 
of turning from 
laborious mundane pursuits t 
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vexing though 
occupies the mind, stirs 
agination and inspires courag 
future. 
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PRESENTED OVER THE COLUMBIA BROADCASTING SYSTEM 
THE DEPRESSION AND MENTAL DISEASE 


By Dr. CARNEY LANDIS 
NEW YORK PSYCHIATRIC INSTITUTE AND HOSPITAL 


ALMOST every one is certain that he 
understands himself very well and the 
actions and conversation of most other 
people fairly well. But when we and 
our friends fail to understand the actions 
of a man we usually call that not-under- 
stood man crazy. In other words, we say 
a person is suffering from mental disease 
when his behavior and conversation seem 
to us illogical, irrational or inappropri- 
ate. We are frequently unable to reason 
with this man in the terms of everyday 
common sense. Most often the person 
himself does not realize his condition, 
but if he does, he usually says that some- 
how he has lost control of his thoughts 
or actions. A word of caution should be 
made here, namely, that we do not regard 
as diseases the minor eccentricities of 
everyday life, such as individual oddness, 
hysterics, temper tantrums or similar 
peculiarities. These ordinary exhibi- 
tions of temporary unreasonableness, 
although similar to the behavior of the 
insane, are after all either temporary or 
they do not seriously interfere with a 
man’s everyday life. 

Since the person we call insane can not 
tell us why he acts as he does and since 
in most cases we find no physical trouble 
which might be responsible for the be- 
havior, we have been in the habit of 
thinking that insanity is caused by cir- 
cumstances such as grief, disappoint- 
ment, unrequited love, loss of employ- 
ment or savings, physical injury or by 
general mental stress. Any or all of 
these may have happened before the dis- 
ease began; hence it is easy to say they 
are the reason for the insanity. Because 
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of things the patient may have said, the 
way in which he behaves or the kind of 
person he was before he became sick they 
are easily accepted as reasons. They are 
all circumstances which every one can 
understand and which in the absence . 
any evidence to the contrary are consid- 
ered acceptable explanations. 

Essentially then, common sense holds 
that undue, prolonged mental stress leads 
to insanity. Most unwillingly and un- 
wittingly we have been going through a 
practical test of this popular theory. 
We are slowly emerging from a severe 
economic depression and are still in the 
midst of a social revolution. The in- 
creased unemployment, the wage reduc- 
tions, the loss of savings, together with 
the sense of social and economic insecur- 
ity of the past six years have brought an 
ever present mental stress, a feeling of 
insecurity and of tense unhappiness. 
Certainly in the face of this stress the 
number of persons suffering from mental 
disease must have sharply increased, if 
the common-sense explanation is correct. 

The social and economic importance 
of this problem is further emphasized 
when one remembers that for several 
years past almost half of the hospital 
beds in the United States have been occu- 
pied by patients suffering from nervous 
and mental diseases. Since most of these 
patients have no means of self-support, 
this burden represents one of the 
large items in American governmental! 
budgets. 

Fortunately, accurate and adequate 
statistical reports of occurrence of men- 
tal disease have been published annually 
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for the past twenty-two years by the state 
of New York. These New York State 
figures are representative and typical of 
the condition as it has existed in every 
one of the states. A first examination of 
these reports shows that 6,300 new cases 
were admitted to all the New York State 
mental hospitals in 1912, while about 
12,000 cases were admitted in 1934. This 
is an apparent increase of 87 per cent. 
But we must remember that the general 
population has also increased between 
these years. If we allow for this general 
population increase by basing our figures 
on the number of cases per 100,000 popu- 
lation, then we find that the rate was 67 
in 1912 and 86 in 1934, an increase of 27 
per cent. This is for all mental hospitals 
in the state of New York, both private 
and state, and includes all cases, regard- 
less of diagnosis, admitted to mental hos- 
pitals for the first time. 

At first thought many have been in- 
clined to attribute this increase of 27 per 
cent. in mental disease to the increase in 
the complexity and tension of present- 
day life. However, when we examine the 
figures more carefully and separately 
study each variety of mental disease, we 
find, much to our surprise, that for all 
kinds of mental diseases, save one, the 
number of cases per 100,000 has re- 
mained remarkably constant for the past 
22 years. This one disease that has in- 
ereased in prevalence is known as cere- 
bro-arteriosclerosis. It is a condition 
brought about by hardening of the blood 
vessels of the brain occurring almost 
entirely in people over 45 years of age. 
The rate for patients sent to mental hos- 
pitals on account of this disease has in- 
creased from less than 2 per 100,000 in 
1912 to over 14 per 100,000 in 1934, an 
increase of almost 700 per cent. in 22 
years. I am inclined to think that this 
tremendous increase is mostly, though 
not entirely, due to the fact that during 
the past quarter century there has been 
a gradual and consistent increase in the 
per cent. of total population who are old 


551 


enough to develop cerebro-arteriosclero- 
In 1912, for example, less than 21 
per cent. of the New York State popula- 
tion were over 45 years of age. In 1934 
this figure had increased to almost 25 per 
cent. In brief, individuals 45 years of 
age or over accounted for one fifth of the 
general population in 1912 and for one 
fourth of the population in 1934. 

This increase in the number of people 
over 45 is mainly due to public health 
work and preventive medicine, which has 
added more than 10 years to the life span 
of the average American citizen 
1900. Many people who 50 years ago 
would have died of appendicitis, typhoid, 
diphtheria, or the like, during their 
twenties or thirties, are now living to 
reach the age when they are susceptible 
to arteriosclerosis. 

If we make a fair allowance for the 
arteriosclerotic and senile 
being admitted to our hospitals, we find 
that the apparent increase of 27 per 
cent. in mental diseases during the past 
22 years has dropped to an apparent 
increase of about 8 per cent. 

It is highly questionable whether even 
this slight increase of 8 per cent. of hos- 
pital admissions is a true increase of 
frequency of occurrence. Certainly we 
must allow for the increased number of 
people who live in cities and for the con- 
tinued development of more adequate 
hospital facilities. With respect to the 
first factor, it has long been pointed out 
that the number of hospital cases for 
most of both physical and mental dis- 
eases is considerably higher for the city 
than for the country. In general, the 
number of urban mental hospital cases 
exceeds the rural at a ratio of 3 to 2. In 
part this is due to such things as the 
greater utilization of hospitals and clin- 
ics by city dwellers or to the greater 
difficulty of caring for the mentally ill in 
a city apartment. Undoubtedly the ap- 
parent increase of 8 per cent. in mental 
disease is partly due to the fact that in 
1934 the cities of New York State ac- 
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how 





552 THE SCIENTIFIC MONTHLY 


counted for 84 per cent. of the total 
population, as compared with less than 
80 per cent. in 1912. 

There remains to be considered the 
factor of available hospital facilities. In 
1912 there were in New York State about 
370 beds available per 100,000 popula- 
tion for mental disease patients, while 
in 1934 there were over 600, an increase 
of about 64 per cent. Since obviously 
the mental hospital population is partly 
dependent on the available hospital 
facilities, the large increase in number 
of hospital beds has contributed to the 
slight apparent increase in mental dis- 
ease rate. 

If we again return to the statistical 
reports and compare the rates for 1928, 
a year of prosperity, with 1932, a year of 
marked economie depression, we find that 
the rate of admissions to mental hospitals 
is practically the same, namely, 68.7 and 
68.3 per 100,000 population when cere- 
bro-arteriosclerosis is omitted from the 
computations. If we compare 1913, a 
year of peace and relative prosperity, 
with 1918, when the stress of the great 
war was at its height, we find that the 
corrected rates are identical, namely, 68 
per 100,000 population. 

In general, then, if we allow for the 
increased age of the general population, 
urban-rural rates and hospital facilities 
available, we find that we have a very 
constant rate of hospitalized mental dis- 
ease which apparently is not affected by 
economic depression and its accompany- 
ing mental stress. I repeat, depression, 
financial insecurity, unemployment and 
general unrest have not led to any in- 
crease in hospitalized insanity. This 
does not mean that there has not been 
plenty of mental stress and anguish, 
plenty of ragged nerves and unhappi- 
ness, but these psychological stresses and 
tensions have not led to an increased 
rate of hospitalized mental disease. 

If mental stress does not lead to men- 
tal disease, then why mental disease? It 


seems to me that from the evidence |} 
have given, taken together with a vas: 
amount of other relevant material, 
conclusion is obvious that in spite of { 
mental symptoms, in spite of what 1 
patient says, in spite of what relati 
and friends say and in spite of the us 
belief, the basis of mental disease is no} 
to be found in the psychological stress 
of economic depression or social unres 
The essential basis for the increas 
number of hospitalized mental patient 
is a population problem. Such fact 
as the increase in the general popu 
tion, in the average age of our citize 
and in the increased hospital facilit 
account for our present situation. 

This does not mean that the menta 
side of the disease picture is unimp 
tant. It is important that the patient 
suffering from any disease be kept i 
good spirits and as calm as possible. It 
is interesting, necessary and often vita 
to know and understand the mental lif 
of the patient, but it seems to me that 
the study of mental life can only ii 
directly lead us to a sound understanding 
of the essential basis of the disease. For 
instance, we can tell from the behavio 
and mental processes of a man whether 
he has been drugged by morphine o1 
alcohol. A skilled physician can fre- 
quently differentiate various physica 
diseases on the basis of the behavior and 
conversation of the patient, even when 
the illness is not mentioned. So th 
study of the psychological life of the 
patient may lead on to a better under- 
standing of underlying constitutional 
factors which must be the essential basis 
of mental disease. 

To sum up, insanity is popularly sup- 
posed to follow or to be the result of a 
generally increased mental stress and 
tension. This is not so! An examina- 
tion of the records shows that although 
we have gone through a great war and 
three economic crises during the past 22 
years, the rate of mental disease, when 
corrected for factors known to directl) 
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affect it, has held remarkably constant 
with the exception of those diseases asso- 
eiated with old age. This increase in old 
age diseases we have attributed to the 
fact that after all a man must die of 
something and if typhoid does not take 
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WHY WE NEED WILD BIRDS AND MAMMALS 


By Dr. J. GRINNELL 


PROFESSOR OF ZOOLOGY AND DIRECTOR OF THE MUSI 
UNIVERSITY 


THE 


THERE is an old maxim to the effect 
that ‘‘familiarity contempt.’’ 
In my mind, nothing more clearly illus- 
trates the truth of this statement than 
man’s varying attitude toward nature. 
There was a time when human beings 
knew so little of nature that they in- 
vested everything about them with a 
mysterious, even spiritual significance, 
and frequently did not dare to kill cer- 
tain living things for fear that nature 
would visit vengeance upon them. In 
recent centuries, however, man has be- 
come more familiar with the workings of 
nature, and at the same time, seemingly 
in consequence of this familiarity, well- 
nigh contemptuous. Where primitive 
men avoided conflicts with nature be- 
cause of ignorance and superstition, 
modern men sometimes go out of their 
way to fight nature, because they have 
learned enough to drop superstition but 
have not yet acquired anywhere nearly 
complete understanding, such as should 
bring respect for her complicated and, 
on the whole, beneficent ways. 

It is because of this disrespect that 
vast forests have been destroyed, and 
that hillsides and valleys have been un- 
wisely denuded of their natural cover. 
It is because of this attitude, too, that 
many types of animals have become ex- 
tinct, or are approaching extinction— 
certain of our most prized kinds of fur- 
bearing animals, several kinds of wild 


breeds 
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we fail to perceive the whole of wha 


‘anuse 


nature provides. 

It would be 
course, that nature should be allowed to 
remain absolutely undisturbed. For in 
our own presence anywhere we impinge 


foolish TO propose, of 


upon natural conditions. But it is only 
common sense to urge that such disturb- 
ances as are really necessary be under- 
taken only with as complete an under- 
standing of the situation as possible, and 
hence only as following upon studious 
observations of the most comprehensive 
sort. When crop protection makes local 
action against certain rodents advisable, 
it should not be forgotten that burrow- 
ing animals on uncultivated lands per- 
form an important function in develop- 
ing and maintaining the soil. Every 
effort should be made to limit destruction 
to a minimum, for wildlife is an asset to 
us not only from the obviously practical 
view-points of the farmer, the sportsman 
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and the water conservationist, but from 
those more subtle aspects apparent to the 
vacation-seeker and the nature-lover. 

With each passing year we reach a 
clearer understanding of the complexity 
of nature. Through the patient work of 
field biologists and nature students, new 
factors in the relationship between wild- 
life and human affairs are constantly 
coming to light. As an example of what 
I mean I am going to tell you of an 
experience I recently had. 

The second week of last October found 
me in the Sierra Nevada of California, 
walking along the main road which leads 
up the mountainside into Sequoia Na- 
tional Park. As the morning sunshine 
began to increase the warmth and dry- 
ness of the atmosphere, I noted the sound 
of falling and bouncing acorns of the 
black oaks which were just then yielding 
their annual crop. The slope was steep; 
and along about ten o’clock the sound 
and sight of descending acorns was im- 
pressive. They were even accumulating 
in little windrows along the inside of the 
road next to the bank ; and now and then, 
one from far up-slope, having gained 
extra momentum, bounced clear over the 
road and proceeded on its way toward 
the canyon bottom below. 

Acorns are smooth-shelled, heavy ob- 
jects, and those of the black oak in par- 
ticular are of rotund shape. These 
qualities make them insecure on any 
slope upon which they fall, until in their 
movements they reach some crevice or 
sufficiently wide strip of level ground on 
which to find lodgment. 

It was clear to me that the direction 
of seed scattering from any one oak tree 
was well-nigh directly down-hill. In 
that place and on that day I saw no 
acorn moving up-hill. Gravity alone 
acted as the agency of distribution. 
There appeared no possibility of wind 
as an agent of elevation, as with seeds 
of such trees as maple, cottonwood and 
willow. In the case of the oaks, it might 
therefore seem, the only possible direc- 


tion of general forest spreading through 
time would have to be, through the action 
of gravity and streams of water, always 
down-hill. But how, then, could forests 
ever have spread, naturally, so as to gain 
altitude on our many mountainsides? 

The next two days, I spent a little ¢ 
the westward, at about 1,000 feet alti- 
tude, in the valley of the lower Kawea)} 
River, where another kind of oak, the 
blue-oak, abounded. Here I becan: 
aware of the presence and especially of 
the activity of certain birds, the jays 
This activity, when looked into, became 
of deep significance; for here was the 
agency, at this particular place at this 
particular time, of transportation of 
acorns up-hill. The jays centered their 
interest in those most abundantly fruit- 
ing trees down in the bottom of the can- 
yon. There, from morning to evening, 
they were gathering the acorns and ecar- 
rying them up the slopes, to be ensconced 
in various hidey-holes, some of them t 
be buried, after the well-known blue-jay 
tradition, in the ground on the hillsides. 

Every bird going up-slope bore an 
acorn lengthwise in its bill; every bird 
in return course was empty-billed. If | 
had only thought of it, here was a chance 
for counting birds, and their loads, in 
sight, during say, a three-hour period; 
and then computing the bushels of blue- 
oak acorns being elevated by the birds 
perhaps hundreds of feet each October 
day in that one valley. 

In this same locality I saw ground 
squirrels busily gathering acorns that 
had fallen to the ground, carrying them 
in various directions to their burrows or 
to their shelling stations. Twice | 
watched a ground squirrel climb up a 
blue oak to the larder of a group of 
California woodpeckers, filling its cheek 
pouches with the acorns they had gath- 
ered and stored, even though being at- 
tacked by the resentful birds. Then the 
squirrel would go precipitately down the 
trunk and off to its own cache in the 
ground. 
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Observations of the kind just cited, 
gathered into notebook and memory, 
from many parts of the West, have con- 
yinced me that certain birds and mam- 
mals constitute a paramount agency in 
the dispersal of oaks and many other 
trees and shrubs. My recollections bring 
into this credit column not only Califor- 
nia jays, woodpeckers and ground squir- 
rels, but also gray squirrels, red squirrels, 
chipmunks and wood rats, and Steller 
jays and band-tailed pigeons. In reflect- 
ing upon this matter, we can readily see 
that the relationship is of reciprocal 
benefit; for all these animal agents of 
seed dispersal are supplied by the oaks 
with food or shelter or nursery sites. 
The trees produce crops of nutritious 
seeds—each seed nutritious either to the 
prospective oaklet or to the animal that 
eats it—in vast excess of immediate seed- 
ing needs. There is enormous seeming 
extravagance on the part of the trees, far 
greater production of seeds than would 


be needed to provide for persistence of 
the species, if the species were of fixed 


geographic position through time. The 
point I wish to make is that in the long- 
time interests of the tree species, involv- 
ing migration of the whole forest, there 
is value-received from this seeming over- 
production of acorns. It is not extrava- 
gance, but good investment. 

At any time, catastrophe may overtake 
the fortunes of the oak forest. Fire may 
destroy all the growths on a given slope 
clear to the top of the ridge. Then quick 
recovery—early repopulation by the oaks 
—will likely be dependent upon the sur- 
vival and germination of acorns pre- 
viously buried by animals in open places, 
where the heat was least effective, as also 
upon the year-by-year marginal replant- 
ing processes just described. I think 
especially of California’s great erosion- 
guarding and water-conserving chapar- 
ral belt, of which the live oaks and scrub 
oaks of several kinds are prominent con- 


stituents—and their constant animal 
attendants, the California jays and the 
dusky-footed wood rats. 

There are many kinds of oaks in Cali- 
fornia, largely limited to 
favorable climatic or topographic situa- 
tion. The result is that the different 
species of oak occur in rather sharply 
delimited belts. It is this fact that lends 
added importance to the seed-distribut- 
ing activity of birds and mammals. For 
we know that during past millenniums 
the local climatic and topographic con- 
ditions have shifted time and time again 
through the gradual elevation or depres- 
sion of the land. This means that tree 
species have had to move their habitat 
from one period to the next or die in a 
struggle against oncoming adverse con- 
ditions. 

Allowing our imaginations free rein, 
can we not visualize entire forests slowly 
marching up-hill or down-hill or to one 
or another point of the compass? Of 
course, oaks do not literally uproot 
themselves and move bag and baggage. 
Some of them may live 300 years in one 
spot. But as the older trees die out, the 
exigencies of the environment determine 
where new trees will sprout and mature 
and may lead to a shifting of the entire 
belt. In the pageant of natural history, 
trees often have been forced, in this 
sense, to shift their positions or become 
extinct. Their ability to do this has de- 
pended upon the availability of some 
means of distributing seeds in the direc- 
tion of a more favorable environment. 

Here, then, is where a certain portion 
of the associated animal life has come 
into the service of the oak species. In 
the present era, with life-zones probably 
advancing northward, and up-s!_,; 
ean think of the successive belts of valley 
oaks, blue oaks, golden oaks, black oaks 
and huckleberry oaks, on our mountain- 
sides, as relying most especially for that 
part of their dispersal involving eleva- 
tion entirely upon their bird and mam- 
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mal associates. The same sort of relation 
doubtless holds for hilly or mountainous 
territory throughout the United States. 

This story, which I hope has illus- 
trated for you the close interdependence 
which exists among some living things, is 
just one of scores that could be told. It 
is probably only one of hundreds that 
are yet to be discovered. If we are going 
to continue to live with nature in peace 
and safety to ourselves, this fact must 
ever be kept in mind. We need to return 
to an attitude of deep respect toward 
nature. The relationships which have 


FOODS WE EAT AND 


been set up through the ages betw 
wild birds, mammals and plants, in fae; 
among all forms of life, can not b 
turbed unless we are willing to accept 1 
consequences—and these may be ex 
ingly serious for us. Where chang 
existing conditions appears to be 
avoidable we should proceed wit 
caution befitting our inadequate k: 
edge of the forces with which we d 
and above all we should avoid the 
tious heedlessness that has characteriz: 
our exploitation of our surroundings s 
often in the recent past. 


WHY WE EAT THEM 


By Professor R. ADAMS DUTCHER 


DEPARTMENT OF AGRICULTURAL AND BIOLOGICAL CHEMISTRY, PENNSYLVANIA STATE COLLEG! 


At the Pennsylvania State College we 
have a student dining room which the 
architect has designed as a Pennsylvania 
Duteh grill. Over the counter from 
which the foods are served there is in- 
scribed in German script the Pennsylva- 
nia Dutch motto, ‘‘Sak mir was du esscht 
und Ich sak dir was du bisscht.’’ This 
is the Pennsylvania Dutch equivalent for 
the old maxim, ‘‘Tell me what you eat 
and I will tell you what you are.’’ A 
recent writer has paraphrased this 
maxim by saying, ‘‘Tell me what you 
eat and I’ll tell you how old you are.”’ 
He informs us that it is possible to divide 
the span of human life into eleven diet- 
ary or gastronomic ages, which fall in 
the following chronological order: 


Age No. 1—Milk. 
‘¢ 4¢ ~62—Bread and milk. 

3—Milk, eggs, bread and spinach. 

4—Oat meal, bread and butter, green 
apples and all day suckers. 

5—Ice cream soda and hot dogs. 

6—Minute steak, fried potatoes, coffee 
and apple pie. 

7—Bouillon, roast duck, scalloped po- 
tatoes, French rolls, creamed 
broccoli, fruit salad, divinity 
fudge and demi tasse. 

8—Pate de foies gras, wiener schnit- 
zel, potatoes parisienne, egg 


plant a l’opera, demi tass 
Roquefort cheese. 


‘« 9—Soft boiled eggs, toast and m 
‘* 10—Crackers and milk. 
‘¢ 11—Milk. 


While it is clear that this writer was 
poking fun at our dietary inconsisten- 
cies, he was also emphasizing a very im- 
portant dietary truth, viz., that mill 
plays a very important part in giving us 
the proper start in life and that we ir 
stinctively revert to milk when we ha’ 
reached the age when our digestive o1 
gans begin to show the results of unwis 
dietary excesses of former years. 

Our knowledge of foods and food 
values has undergone many changes as 
a result of chemical and nutritional re 
searches. Hippocrates (460-370 .B.c. 
believed that there were many kinds of 
food but that there was but one single 
substance in foods which was necessary 
for normal growth and development. 
As late as 1813 the eminent French 
physiologist, Richerand, still adhered to 
this hypothesis. Twenty years later 
(1833) Dr. William Beaumont published 
his classical work on gastric digestion 
and at that late date he referred tu the 
nutritive value of foods in terms of a 
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single substance which he ealled ‘‘ali- 
ment.’’ It would be very easy to solve 
i dietary problems if this theory could 


Unfortunately 


( 
. shown to be correct. 


for the layman, each new discovery in 
food chemistry seems to make the prob- 
lem more complex. 

Dr. William Prout, an English physi- 
ian, the first 
“complicate the picture”’ 
ounced in 1834 that fo 
east three essential types of materials 


was one of scientists to 


when he an- 


ds contain at 


which are necessary for good nutrition. 
These substances were called albuminosa, 
leosa and saccharosa, which are known 
to us as proteins, fats and carbohydrates. 

Justus von Liebig, of Germany, was 
largely responsible for the conception 
that fats and carbohydrates are used 
argely as sources of heat and energy in 
the animal body, while proteins function 
primarily as building materials for body 
tissues. 

As chemistry developed, foods were 
‘lassified according to their content of 
these three substances, and the first feed- 
ing standards for humans and domestic 
animals were, naturally, chemical stand- 
ards. The first period, therefore, might 
well be called the ‘‘chemical period’’ in 
nutrition. This was followed by a sec- 
ond period, which might be called the 
“energy period,’’ in which food values 
were expressed in terms of calories or 
heat units. It was not long, however, 
before it became evident that diets could 
be compounded from chemically purified 
proteins, fats, carbohydrates and mineral 
salts, which conformed to the best of the 
chemical and energy feeding standards 
and yet lacked something necessary for 
normal growth and reproduction. 

A new method of research was devised, 
using chemically purified diets and small 
experimental animals, with the result 
that a new (biological response) period 
came into existence. This period of re- 
search has led to what is popularly called 
the ‘‘Newer Knowledge of Nutrition.’’ 
During this period three important types 
of discoveries were made, which have had 


considerable influ 
of the American peo 
Prior to this period 
tritionists beli Ve 
regardless of s 
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gen. The new w 
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missing amino-acids w 


proteins or wher 


normally. Thus, the 


important lesson to be learned is 


rats rrew 
first 
that, 
teins 


again 


as a class, individual animal pro 
are nutritionally superior to indi- 
the 


wise mother will plan her meals in such 


vidual vegetable proteins and that 


a manner that her growing children will 

be certain to receive all the amino-acids 

necessary for the construction and repair 

of muscles and similar tissues. This can 

be done by supplementing the important 
such as 


bread 
lL 


mluk, eggs 


a ] 
LOOUS, 


energy-producing 
and cereals with vegetables, 
and meat. 

The that 
from work with small animals had to do 
Scien 


second discovery resulted 
with the mineral salts in the diet. 
tists already knew, of course, that the 
growing child and even mature people 
must have mineral salts in ordex to con 
struct strong bones and teeth and keep 
the blood and body fluids in healthy con- 
dition. They had the feeling, however, 
that the mineral problem of took 
care of itself’’ if the other ingredients, 
such as proteins, fats and carbohydrates, 


**sort 


were provided in ample amounts. 
The biological response tests with small 
animals soon exploded this idea, for it 
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was found that some of our daily diets 
were woefully lacking in certain mineral 
or inorganic salts. This type of research 
also led to a better understanding of the 
individual functions of the common inor- 
ganic elements, such as calcium, phos- 
phorus, magnesium, sodium, iron and 
chlorine. Much to our surprise we began 
to discover that some of the rarer ele- 
ments, such as copper, iodine, manganese 
and even zinc, might be vitally essential 
for health and well-being. In former 
years copper was considered a member of 
the ‘‘poison family’’—to be gastronomi- 
cally avoided. Biological tests have 
shown, however, that copper in traces has 
a very beneficial effect on the utilization 
of iron and helps us to build better red 
blood cells. 

It is entirely possible that we may find 
eventually that practically all the inor- 
ganic elements have a definite function 
to perform, in spite of the fact that they 
are present in almost infinitesimal traces. 
Iodine is a case in point. When it is 
absent from the soil, food crops and 
waters—such as we find in goitrous 
regions—excellent prophylactic results 
can be obtained by eating foods or drink- 
ing water containing very small quanti- 
ties of iodine. Again the conclusion 
seems inevitable—that we are more likely 
to obtain the mineral salts we need, if we 
will vary our diet sufficiently to ensure a 
varied supply of mineral elements. 

I have already pointed out that milk 
contains proteins of high nutritive value. 
Milk also contains a very desirable mix- 
ture of inorganic salts. In fact, milk is 
our best single source of calcium, and 
research has shown that it is quite diffi- 
cult for the growing child to obtain its 
daily calcium requirement unless it re- 
ceives from a pint to a quart of milk 
daily. It is not necessary to drink this 
amount of liquid milk to obtain this 
amount of calcium. It is possible to in- 
gest a portion of the milk as dried or 
evaporated milk in cooked foods, pud- 
dings, ete. The vegetables, particularly 
the leafy vegetables, also contribute ap- 


preciable amounts of calcium and ot} 
valuable mineral elements, such as iro) 
Thus we have learned to drink more mj|! 
and eat more vegetables and fruits j, 
order that our mineral salt supply may 
be adequate for normal health and well 
being. 

A third discovery that developed fro; 
animal experimentation was even mor 
unexpected and unbelievable, viz., the 
discovery of vitamins. It was found t! 
some foods did not contain these mys 
terious chemical substances and if thes 
foods were fed for long periods of tim 
(without supplementation with other 
foods) animals ceased to grow, failed t 
reproduce and developed disease symp- 
toms identical with or similar to huma: 
diseases that have been known by th 
medical profession for centuries. It was 
soon possible to produce experimental! 
dietary diseases similar to if not identical 
with human beriberi, pellagra, rickets 
and scurvy. Then discoveries came so 
fast that even the research workers them- 
selves had difficulty keeping up with th 
newest developments. 

Vitamin A received considerable front 
page publicity because its absence from 
the diet caused loss of weight, respirator) 
diseases and blindness in rats, which 
could be prevented when milk, butter fat, 
egg yolk, fish liver oils, carrots or pig- 
mented leafy plants were added to th 
diet. The world war presented an oppor- 
tunity to test the value of rat experi- 
ments on humans because children 
Rumania and Denmark were deprived of 
dairy products which resulted in patho- 
logical eye symptoms similar to thos 
produced in vitamin A-deficient rats. 
When Denmark discovered that she was 
selling her milk and butter at the expense 
of the health of her children, she elimi- 
nated the eye disease by regulating th: 
amount of dairy products that could be 
shipped from the country. In Rumania 
the problem was solved by administering 
cod liver oil to all children. 

Brilliant researches of the past few 
years have shown that the yellow pig- 
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ment carotene, found in carrots and 
many plants, can be changed into vita- 
min A by the body tissues. The cow 
takes this pigment from her feed, changes 
a portion of it into colorless vitamin A 
and excretes the excess of yellow pigment 
in the milk, where it is available for us 
to transform it to vitamin A in our own 
tissues. Guernsey and Jersey cows can 
not change this pigment into colorless 
vitamin A quite so readily as the Hol- 
stein and Ayrshire breeds, with the result 
that butter fat from the former is more 
yellow than that from the latter, but the 
total biological values (from the stand- 
point of carotene and vitamin A) are 
equal, the former being richer in the pro- 
vitamin, carotene, but poorer in colorless 
vitamin A. The reverse is true for Hol- 
stein and Ayrshire butter fats, since they 
contain more of the colorless vitamin A 
but less of the yellow carotene. Since 
Guernsey and Jersey milks usually con- 
tain higher percentages of butter fat, the 
total vitamin A effect of the milk may 
exceed that of the non-pigmented breeds. 
These are no longer mysterious sub- 
stances, for we are now able to write the 
chemical formulae for vitamin A and for 
carotene. 

Vitamin B or B, (anti-beriberi vita- 
min) has now been crystallized and its 
chemical formula is practically assured. 
This vitamin is necessary for normal 
health, appetite and growth and is found 
in cereals, yeast, milk, leafy vegetables 
and fruits. 

Vitamin C is now being manufactured 
artificially by the pound, its chemical 
structure has been determined and the 
chemist calls it ascorbic acid. When we 
eat liberal amounts of oranges, lemons, 
tomatoes, fresh cabbage, lettuce and 
similar foods we are certain to obtain 
sufficient quantities of this scurvy-pre- 
venting vitamin. 

An artificial type of vitamin D (known 
as activated ergosterol) has also been 
erystallized. It has been obtained in 
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pure form and its chemical formula is 
known with a fair degree of certainty. 
This rickets-preventing vitamin is neces- 


sary for the proper building of bones and 
teeth in 
natural 
Milk does not contain it in satisfactory 


vrowing children. COur best 


sources are the fish liver oils 


amounts, as a rule, which accounts for 


the fact that we 
vitamin D milk on sale which have been 


find various types of 


supplemented with various forms of vita- 
min D. 

Vitamin E, the fertility or anti-steril- 
ity factor, will not be discussed because 
its clinical importance has not yet 
fully established. 

Vitamin G or B, promotes appetite 
and well-being. Without it a number of 
pathological conditions develop of which 


been 


a pellagra-like skin disease is the most 
outstanding. We find this vitamin in 
many foods, such as yeast, whole cereals, 
milk, Investiga- 
tions of the past few months indicate 
that vitamin G (B.,) 
separate substances. 
yellow pigment called ‘‘flavine’ 
is thought to be necessary for growth. 
The other fraction, tentatively 
vitamin B,, is thought to be specific in 
preventing and curing a dietary der- 
matitis in rats which is similar to pel- 
lagra in human beings. A number of 
other ‘‘B 
gested, but we have no information to 
date that they have any importance in 
human nutrition. 

The newer knowledge of nutrition has 
taught us to be reasonably careful to 
supplement our daily diet of meat, bread 
and potatoes with the ‘‘protective 
foods,’’ such as milk, eggs, fruits and 
vegetables. It is and 
tific to condemn wholesome foods merely 
because they lacking in certain 
dietary essentials. It is much safer and 
more economical from a health 
point to supplement such foods with 
reasonable amounts of milk, eggs, vege- 
tables and fruits. 


vegetables and fruits. 
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EXCAVATION OF CRETACEOUS REPTILES IN 
ALABAMA’ 


By Dr. J. J. RENGER 


SPECIAL ASSISTANT IN PALEONTOLOGY, GEOLOGICAL SURVEY OF ALABAMA 


Durine the summer of 1933 there were 
found and excavated in Alabama two 
very fine and representative specimens 
of the upper Cretaceous Era. The first 
find was that of a giant marine Proto- 
stega turtle, and the second find was the 
terror of the Cretaceous seas, an unusu- 
ally large Mosasaurus. 

The first find was made near Eutaw, 
and the second find was near West 
Greene, both in Greene County. The 
stratum in which the fossils were found 
has been established by Dr. Walter B. 
Jones, state geologist, as the uppermost 
portion of the Selma formation of upper 
Cretaceous age. The layer at the place 
in which the excavations were made con- 
sisted of rotten limestone with a super- 
imposed layer of drift or second bottom 
of the river. The turtle was found at a 
depth of six feet below the top-soil, on 
a washed spot, which from the numerous 
fossils found must have been a veritable 
cemetery of Cretaceous animals. The 
Mosasaurus was more propitiously lo- 
cated near the surface of the soil. 

It is fortunate that both these animals 
were found, as they represent the most 
highly specialized aquatic forms of the 
era. They were also the most ferocious 
aquatic animals of the Cretaceous sea 
and were in most parts implacable ene- 
mies. On the bones of the turtle the 
evidence of the teeth marks of the car- 
nivorous Mosasaurus show clearly that 
the animal either succumbed in a fight 
or was the prey after its natural death. 

After the remains of the animal sank 
into the ooze at the bottom of the sea, and 

1 Published by permission of the Geological 
Survey of Alabama. 
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more sedimentary material fell on it, t 
bones of the turtle suffered breakay 
before petrifaction set in, and 
further breakage and _ re-cementatio; 
after the fossils had been formed. 

The fossils, after being repaired, as- 
sembled and restored, were identified | 
the writer as belonging to the order 
reptiles known as Chelonia or Testudi- 
nata, and to the ancient family of sea 
turtles, Protostegidae. 

No order of animals, that has persisted 
to this day, has a longer and more u 
eventful history than the order of Ch: 
lonia; and of none is the origin m 
obscure. if the turties were not s 
familiar to us, or were entirely extinct 
as are nearly all the forms of life of that 
period, they would be considered th: 
strangest of reptiles, and perhaps thie 
strangest of vertebrates. It is the oniy 
animal that can hide its head and limb 
under its ribs. The carapace or shell 
the turtle is nothing more than the back 
bone and the dorsal and ventral ribs flat 
tened and expanded and covered on tli 
outside with heavy skin plates. 

The evolution of the shell of the sea 
turtles is a progressive reduction of the 
bones of the carapace in adaptation 
aquatic life. As the Chelonia of the 
Mesozoic Era reverted to water as their 
habitat, the need for a protective armor 
was less necessary than for those which 
remained on land; therefore, the contin- 
uous bony cover tended to disappear at 
the ribs and progressively receded 
toward the backbone. The Protostegida¢ 
is therefore a type that has been devel- 
oped long after the turtles returned to 
the sea, as the greater part of the cara- 
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FIG. I EXCAVATING FOSSLL 
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pace and of the plastron are lost in this 
family. Also, the ribs are considerably 
flattened and consequently the usually 
greatly concave «hell is depressed, a 
feature which aided in the aquatic forms 
and is another adaption to a sea life. 
The modern leatherback turtle, a 
modification of the ancient sea turtle, in 
exceptional cases, attains the length of 


ie 


six feet. This size is only half that of 
size of the specialized giant among the 
turtles of the upper Cretaceous 

The measurements of some of the parts 
ean best give a good picture of the turtle 
The humerus or upper arm of the animal 
is 42 em long; the radius is 25} em; the 
metacarpals and carpals, or wrist bones, 
are 14 em; and the length of the finger 
bones and talons is 51 em, making the 
total length of the outstretched front 
flipper 132 em, or 4 feet and 4 inches 
The span between the tips of the front 


+ 


flippers is 3 meters, or 9 feet and 10 
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premaxilla is in the shape of a 


beak; such a feature would easily 
form even a sluggish animal Into 
formidable enemy. 


In addition to the quality 
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animal was a powerful and relatively 
fast swimmer. The flippers are 
smaller than the front and played a less 


rear 


important part in the locomotion of the 
Protostega, serving wholly as steering 
apparatus. 

It is also a certain conjecture from the 


physiological processes of marine turtles, 


and from the fact that the remains of 
ancient turtles are found, as in this ease, 
always in deposits which indicate shal- 
low waters, that this type of turtle was 
a bottom-feeder and a littoral inhabitant. 

The jaws with the massive premaxilla 
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beak. the gigantic marine turtle had 


protective carapace and _ plastron 


which it could always withdraw its lim 
Thus in t 


and even partially the neck. 
fight for the Protostega 

well equipped to survive. In some | 
tles the turtle may have lost a limb wl 


existence 


very young; yet not be unable to sury 


i 


1 


and perhaps come out the victor over t 


the perl 
a turtle 


the dread of 
** Archelon,’’ 


Mosasaurus, 


Dr. Wieland’s 


feet in diameter, is a classical example 


the occurrence of such a battle and 
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PARTIALLY 


SHOWING 


[ASSIVE 8 


turtle’s SUrVIVail i » loss of the 
right flipper. 
In the 


became apparent that 


the fossils, it 


of 
the 


satisfactorily 


classification 
present spec! 
eontorm to 
isties of the Proto 
stega, to which the specimen shows closest 
do ratios of the 
the Aichelon 


The family is clearly established by the 


does not 


men 
all the genus character 
the 


resemblanee, nor 


parts conform to genus 
ribs forming the carapace, but the genus 
still somewhat doubtful. 
after full of the 
effected, the be determined, 
which may also to 


is Perhaps 


restoration skull is 
venus can 


show it be a new 
species. 

In all events the present specimen is 
by far the largest fossil turtle of that 
type yet found, and is exceeded in size 
by only one specimen ota closely related 
form, that of the Archelon 
Wieland in the Yale Museum. 


The Mosasauridae fossils, found in the 


isch uUrTOs 


same geological stratum, are of unusual 
interest to paleontology because of the 
singular anatomical structure of the 
head. The Mosasaurus is a short-necked 
marine lizard that the shallow 


lived in 


RESTORED 


rear 


tf 


Photograph by D. 1 DeJa 


UPPER JAW OF MOSASAURUS 


oO} AW 


seas of the great chalk age. wher 


doubtedly reigned supreme by virt 
its size and its ferocious 


and pow 
jaws. 


The head of 


measures five feet 


the specime! 
. and the jaws « 
three fourths that The 


this animal sixth of t] 


ny 


length SI 


IS about one 
tire length. The relative 


size of the 


to the body is indicative of preda 


and pugnacious habits of this sea |] 


It also indicates that the presen 
is at least thirty-five feet long 

The 
vided 
teeth. 


upper and lower jaws ar 


with numerous sharp co 
Besides these there are also 
rows of strong teeth implanted 

the pte 


throat 


back part of the palate, on 


roidal bone; these are the 
and are of great significance to the 
The 


feature of the Mosasaurus is the 


mal’s feeding problem. unis 


cons} 
uous ball-and-socket joint in the mid 
of the lower jaw which permitted lat 
flexing of the lower jaw. In this resp 
the mosasaur differs from all other 


tiles, ancient or modern. 
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Besides the joint in the lower jaws, the 
of the lower jaws, at the point o 
symphyses, was loosely connected with 
raments. This flexibility was essentia 
the existence of this animal; for wit] 
t any prehensible limbs, as in the mod 
n lizards, nor with teeth adapted 
tearing its prey apart, the mosasaul 
swallow its food whole 
The method of deglutition was 
inique. The mosasaur seized its e) The assembled 


between the jaws, then extended the now on exhib 


wer jaw by bending it laterally at » of Natura 
‘int at the end of the splenial bone, and  bama; and 
renewing its bite on the prey with the 
osterior teeth. By repeating this proc 


ess the animal steadily pushed the food — sevents 


far enough back to be seized by the mus removes 


es of the fauces and the thro et] W 
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HENRY FAIRFIELD OSBORN: AN APPRECIATION 


Henry Fatrrietp Osporn, hi 
resident of the American 
Natural History, died ‘*‘in 
Wednesday, November 6, 1935, at the ag 


rf seventy eight vears He 


morary 
Museum of 


harness” on 


was reading 
is morning mail in hi 
Roek.’’ Garrison-on-Hudson, N. Y 


was preparing to put in another 


s study at *‘Castle 
and 
-OVOUS 


day’s work on the second volume of his 


Proboseidea. 


monograph on the fossil 


when, as his son said, ‘‘he just fell 
asleep.”’ 
peaceful ending 


combined an amazing activity with un 


Thus an ideally quiet and 
came to a life whiecl 
perturbed quictness and dignity 

His fifty-eight years of ‘‘research, ob 
servation and publication’’ left a deposit 
of some 940 published communications, 
articles to volumi 
dictated 


thousands of letters and wrote by 


ranging from brief 


nous monographs; he tens of 
hand 
others. In the 


hundreds of numerous 


organizations in the development f 
which he was actively interested he was 
seldom long unheard. 

The most important of his scientific 
field of 
paleontology, but the principles of evo 


the biog- 


writings were in the vertebrate 
lution, the prehistory of man, 
raphy of great naturalists, eugenics and 
educational methods and ideals were al 
near the front rank of his 
His effect on other peo 
ple was in general highly dynamic and 


Ways in or 
teeming mind. 


in one way or another he directed, en 


couraged or materially aided a reat 


many investigations, publications, ex 


hibits or courses of instruction prepared 
by others. 


; ] | . . 
OF his tong career he 


During the course 


was instructor and later professor of 


comparative anatomy at Princeton Uni 
versity, Da Costa professor of zoology 
and dean of the Faculty of Pure Science 


at Columbia University, founder, curator 


ican Must 


ater presi 
periia 
; 


on , The 


and served 
of its exee 
ts preside? 
ie had rene 
fluential 
building 
and paleont 

At the museu 
tury he presided easily 
a board of trustee 
veritable giants ; 
H. Choate, Georg 


land H. Dodge 
In honor of Theodore Ro 


was his boyhood companion and 


friend, Osborn, with some 


dlin’s myured 


magic, ¢ 


‘ 


mori building 
and beauty 

The Museum of Nat 
his leadership added many 
ngs to itself, nearly doublis 
ty, and filled its e 
bursting point w 


reaped by ITS 
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England and Scotland vied with the 
universities of his own country in bestow- 
ing upon him their highest honorary de 
rrees. 

Castle Rock was almost as important a 
center as the museum for the radiation 
of his influence. There he constantly 
entertained men of distinction from all 
parts of the world and the names in 
scribed in the Visitors’ Book would be a 
roster of international science, art, phi- 
losophy and statesmanship for two gene- 
When the meeting of the In- 
ternational Congress of Zoology was held 
in New York, Professor Osborn chartered 
a river boat, took the entire congress up 


rations. 


the river to Garrison, and with his bril 
liant wife, Lucretia Perry Osborn, en 
tertained his guests at a memorable 
luncheon party at Castle Rock. 

Now what manner of man was this, 
who governed so easily and maintained 
such a multitude of contacts and could 
yet find time to produce a_ prodigious 
mass of scientific and educational writ 
ings? How did he come by his power 
and serenity, his dignity, his benevolence, 
his steadfastness, his good humor, his 
quiet friendliness? Let it be admitted 
that even the lowest human intelligence 
is too complex to be accounted for his- 
torically, and that the growth of each 
self is a unique integration of actions 
and reactions to hereditary, physiological 
and environmental stimuli which it is 
difficult or 
Nevertheless, there are abundant histor- 
ical data which at least indicate some of 
the leading influences to which Henry 
airfield Osborn in the course of his own 


impossible to untangle. 


development reacted as he did. 

His father, William Henry Osborn, 
was a man of preeminent probity and 
ability, who reorganized and built up a 
great railroad system. A small incident 
related to me by Professor Osborn will 
perhaps serve to illustrate his father’s 
quick resourcefulness. On one occasion 
when William Henry Osborn was re- 
turning from Europe the ship was held 


up so long at quarantine that he 
almost inevitably be prevented fro: 
joining his family on Christmas eve 
therefore went below, borrowed a 
hat, picked up a mail bag and thr 
over his shoulders and walked to fre: 
down the plank to the mail-boat 
elder Osborn evidently had a sine 
miration for the grand manner 


ture, in art and in architecture, for 


friend, the famous artist F. S. C] 
painted for him a great canvas of m 
tain scenery in the Andes and sel 
for him the exact spot in the hig 
of the Hudson upon which he built 
tower of Castle Rock. And fron 
wide stone platform there one ean 
outward upon a view of astonishing n 
nitude and sweep, with the broad ¢ 
ing river beneath and the granite n 
of Storm King beyond. 

Professor Osborn’s mother, as | 
member her, might almost have sat 
the original of Whistler’s famous p 
trait of his mother She combined vg 
tleness and quietness with firmness Ss 
was untiring in good works and was t 
chief founder of the Virginia Day Ni 
sery. 

At Princeton the young Osborn 
greatly influenced by Dr. MeCosh. TT! 
remarkable man, who combined the Pres 
byterian religion and philosophy wit! 
dry Seotch humor, was one of the first 
orthodox clergymen to accept the pri 
ciple of evolution; he therefore activel 
encouraged the development of the dé 
partments of geology and biology. U1 
der Dr. MeCosh, Osborn began a series 
of studies upon the visualizing facult 
of the mind, but this interest in intr 
spective psychology soon led him t 
studies bearing on the evolution of the 
nervous system in the lower vertebrates 
Probably it was from his more or less 
Calvinistie environment that Osborn de 
rived that deep antipathy to the idea o! 
fortuity or chance, which was to remain 
as an outstanding characteristic of his 
philosophy of evolution and made it im 
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ssible tor him to acc p 
n in its Darwinian forn 

\leanwhile the fame ot the cdliscoveries 
Professor Marsh. of Yale | hniversity, 
| Professor Cope, of Philadelphia, of 
iny gigantic extinct forms of animals in 
. creat natural cemeteries of the West 
not only 


uubtless excited at Princeton 


en interest but the spirit of emulation 
\ceordingly, the young Osborn, with his 
end W. B 


der the 


Scott several others, 


and 
veneral direction of Professor 
the 
1877 to the Bridger 
Wyoming. This 


vreatl expedition S 


Guyot, conducted Princeton Scien 
fic Expedition of 
and Washakie Basins in 
is the first of those 


both 


ned to 


were des 
halt 


tne exped 


Scott and Osborn 


niet 


out during the next 


send 


entury 


tion (IS78) was taken up 


in part by the 
| their 


out of the fossils from 


vorking 


ard matrix and by the identification 


and deseription of the material 


{ 


Doubtless at this time the two friends, 


Osborn and Scott, came to realize how 


meager was their equipment for satis 


lactorv progress In either comparative 


anatomy or paleontology In anv case 


study in Europe, 


they wisely decided To 


Scott chiefly in Germany, Osborn in 
England 
Arriving in England in 1879 and en 
tering Cambridge University for gradu 
ate study in zoology, Osborn found him 
self at the very source of many of the in 
had felt in 


For now he was study 


fluences which he his home 
across the ocean. 
ing embryology at Cambridge under the 
direction of Francis Maitland Balfour; 
a little later at the Royal College of Sci 
ence in London he attended the famous 
Huxley’s lectures on comparative anat 
omy. One day Darwin himself came in 


to the laboratory and Huxley singled 
out the 


dueed 


modest American youth, intro 


him to the gentle and venerable 


Darwin and spoke of Osborn’s promis 


ing work in the American Eocene soon 


afterward Osborn met Francis Galton 


and perhaps derived partly from him the 
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during 
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the same time } 
passionate belief 
“creative evolutio 
essential features 
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evolution. 
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THE ST. LOUIS MEETING OF THE AMERICAN ASSOCIATION 
THOSE who attended the last meeting California at Li Angel 1) 
‘the American Association for the Ad : ; 
uncement of Science, held in St. Louis 
me sixteen years ago, will, it is hoped, 
me again this year, if only to note the 


anges and improvements that have 


taken place. The conduct and programs 
the meetings have improved progres 
sively since 1919, and the prospects for 


; 


e coming sessions are better than ever 
before. With the new Municipal Audi umerable ran 
torium, St. Louis is now able to provid Aside from tl) 


suitable accommodations for the special the meetings of sr 
evening programs as well as various main attract 
a > . = eats at -=e- ; aes 
laily sessions, which were n possibli oxbibiie rh. 
even a few years ago. New _ buildings AB lihbewtnans 
at St. Louis l'niversity and Washington 
. ° "i : available thi 
University which will be used combine 

Ps . vear sinc 
convenience and comfort to an extent 
has shown 


which it is hoped will eliminate all reeol- iin 
» . 1reres rie 
lection of the congestion and confusion _, | 
' large sclent 
that could not be avoided before thev . 
. mn . realize that 
were available. The down-town hotels 
2 . : . portunity 
are in easy walking distance from the 
. . ° ° . and become 
Auditorium, where registration will take 
wt ; instruments 
place. The up-town hotels, headquarters 
. . ° . “Hine SITPDDILeCS 
for those using the two universities, are | | J 
. , lan and tl 
either close by or can easily be reached 
laboratory eq 
by car or bus. , : 
adherens with experts o 
his is not the place to discuss the : — 
. . . demonstrate The! 
program in detail. Preliminary notices — , 


in Sctence will list some of the outstand 


What may 


} 


ing features, and the final printed pro 

gram will, as usual, give a full and con 

plete account of the general and specia 

sessions. At this time it can safely be 

predicted that the meetings will be out 

standing, both because of the subjec 

discussed and the men who will partic 

pate. The mere mention of such out 

standing speakers as Professor E. L 

Thorndike, the retiring president, Di 

Karl F. Meyer, of the Hooper Founda 

tion, San Francisco, Dr. Stanhop arg 
Bayne-Jones, of Yale, Dr. F. J. E. Wood perta 
bridge, of Columbia University, Profes Mississippi 
sor Frederick Slocum, of Wesleyan Uni foun 
versity, Professor Vannevar Bush, of the gifts, 
Massachusetts Institute of Technology, sands 
Professor V. O. Knudsen, University o} foreign count! 
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PROFESSOR EDWARD L. THORNDIKE, 


RETIRING-PRESIDENT OF THI 


The Art Museum and the Zoo, each 
maintained as a civie enterprise through 
a mill tax, are located in Forest Park. 


This park, comprising some 1,400 acres, 


is one of the largest and most beautiful 
in America. Here in the summer season 
ten thousand people are able to enjoy 
each evening light opera in the unique 
municipal open-air theater. 

St. Louis and Washington Universi- 
ties, with their various schools and hos- 
pitals, need no special notice. They will 
both be used for meetings, and inter- 
ested visitors will have ample oppor- 
tunity to inspect them. 

The principal attraction at the Mis- 
sour! Botanical Garden will be a special 


AMERICAN ASSOCIATION. 


orchid show staged for the oceasi 


The Garden possesses one of the lara 5 


collections of orchids to be found in ai 
institution of its type. Some thirt 
thousand plants are housed at the Gra 
Summit Arboretum, a 1,600-acre tra 
now being developed Blooming orehi 
are transported thirty-five miles fr 
there to the floral display house in 

Garden in St. Louis throughout t 
blooming season. While during the tir 
of the meetings there will be nothing 


interest to see out of doors. the varioi 


eollections of palms, tropical plants 


desert plants, ete., under glass, are a 
ways attractive. 
With a splendid scientifie progran 
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DR. KARL T. COMPTON, 
PRESIDENT OF THE AMERICAN ASSO¢ 


marked by outstanding contributors to should insure 


the general sessions, and a complete sci- effort will be 


entific exhibit shown under adequate’ to make 


conditions, the success of the St. Louis assoclatlo 
meeting is assured. The added attrac bered 
tions of the city itself, with something 

to appeal to the most varied interest, MIsso 


THE BRITISH ASSOCIATION AT NORWICH 

THE meeting of the British Associa Norwich since 1868, : 

tion which was held in Norwich from the fore little in the way 
4th to the 11th of September last was by to draw upon; but 

common consent no less successful and plies its own preceat 
enjoyable than usual. There had been rangements made 


no previous meeting of the association in tees were admirable 
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PROFESSOR W. W. WATTS, F.R.S., 


PRESIDENT OF THE BRITISH ASSOCIATION. 





members reached the number of 2,320, sions and carry out field work. The cit Fria 
which was accounted satisfactory : it is itself is historically one of the most 1 prese 
only in larger cities, and in those pos- teresting in all England, and member hall. 
sessing universities, that much larger at- of the association freely availed then mem 
tendances are to be expected. For the selves of opportunities for relaxatio May« 
rest. there could scarcely be a more from seientifie work by committing the! place 


attractive center and area for a meeting selves to the expert guidance of loca domi 
, 


of the association than that provided by authorities who were at hand to s 
Norwich and by East Anglia, of which them many of the fine old buildings 
Norwich is the ancient capital. The which Norwich possesses. The hea 


whole district is replete with scientific quarters of the association (known of E 
interest, in geology, geography, prehis- the Reception Room, where ticket bus pal « 
toric archeology, botany, zoology, agri- ness and the like are done and a comm in O1 
culture and other departments; and full rendezvous is provided) were in St. A cient 
advantage was taken by the sections in- drew’s Hall, which is in fact the form often 
terested in these subjects to make excur- _fifteenth-century church of the Bla meet 








| | | » 
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SIR JOSIAH STAMP, G.C.B., G.B.E., 


PRESIDENT-ELECT OF 1 


Friars, long desecrated, but most wisely 
preserved in modern times as a public 
hall. 
members by the Lord Mayor and Lady 
Mayoress (Mr. took 
place in the stately Norman castle which 


The civie reception given to the 


and Mrs. Jewson 
dominates the city from its high mound; 
it is now a museum, and a very fine one, 
interests of which due 
attention was paid. The official Church 
of England service, attended by princi 


to the scientific 


pal officers of the association, was held 


in one of England’s most beautiful an- 
cient cathedrals. 
often such a setting as Norwich for its 


The association has not 


meetings. 


BRITISH ASSOCIATIO 


At the inaugural meeting 
dent. Professor W. W. Watts 
dealt in his address with the subject of 
drift 


He was supported on the plat 


the presi 
F.R.S., 
form, and rhythm of the e 
nents 
form by four past presidents of the asso 
Lord Rutherford, Sir Art 

Thomas Holland 


had to refer to né 


ciation in hur 
Keith, 


James Jeans: but he 


Sir and Sir 
less than four others who within the vear 
since the previous meeting had been lost 
to the 
Sir Edward 

thur Schuster, 
Alfred Ewing 
ing the meeting there were discourses by 


association: these were the late 
Sharpey-Schafer, Sir Ar 
Sir Horace Lamb and Sir 


On other evenings dur 
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Dr. S. J. Davies on Diesel engines in re- collaboration), hearing and aids t 
lation to coastwise shipping, and by Dr. ing and sugar-beet problems; and 
(.S. Myers on the help of psychology in demonstrations there were Dr. G 
the choice of a career. Further, Nor- Kaye's experimental lecture 
wich and East Anglia took advantage of one of industrial management fi 
a procedure which the couneil of the one of physical education It 


association is always ready to put into’ bad record for one meeting Ai 
operation if called upon, namely, to ap- scientific interests of the commu 
point lecturers to address public audi not likely to be lost to sight ne xT 


ences (not confined, that is, to members when the meeting will take plac 
of the association), with the result that September 9 to 16) at Blackpoo 
such lectures were given in Norwich cashire, one of the biggest places 
itself and also in the neighboring towns — lic holiday resort in England, and 
of Cromer, Fakenham, Great Yarmouth, the president of the association w 
King’s Lynn, Lowestoft and Thetford Sir Josiah Stamp, G.C.B., G.B.E 
It is impossible to review within a few economist of international standing 
hundred words the whole of the sectional The centenary of Darw in's land 
programs, with their three hundred ad the Galapagos Islands, which fe 
dresses, discussions, lectures and papers. '° the time of the meeting, was duly 
One aspect of general interest, however, brated by papers and a diseussi ” 
is found in the inereasingly strong de birth ol the hy pothesis of the orig 
mand by publie opinion that the asso- SP&Cl®s. the British nanner-eapee 
ciation should pay even more emphatic well known, has - honorable relat 
attention to the exposition of scientific ship with Darwin S memory throug 
developments which affect public welfare possession of his house at Dow n, in IX 
and social progress. This is an interest whieh ut acquired by the gift 
ing and gratifying sign of the times. So Buckston Browne, and ean 4 


well marked has this attitude toward the 


national memorial, open to the p 
ae [t was a happy incident 
advancement of science now become, that 


gy meeting that during it 
the association was even upbfaided in ' : <5 
received from Emeritus Profe 
Dyck one of the last letters (if n 
last) written by Darwin, a few weeks 


certain newspapers, after the meeting, 
for taking insufficient notice of it in 

"7 "+ ] ir : "Oo TiI Ss. J ve z ) cr > ° ‘ P . . 
di ting the a et ~_ b And ; et yoras fore his death in 1882; this has 1 
the sectional presidents addresses there found an honored place in the collect 
were Dr. J. A. Venn’s on the financial 94 pyown House. As for the Galapag 


and economic results of state control in [glands the association, with much sat 





agriculture; Professor G. Hickling’s on faction, received word of the intent 
recent research on coal; Professor J. G. of the Ecuadorian Government to er 
Smith’s on economic nationalism and for- 4 nature reserve in the archipelago ; 
eign trade; Dr. A. W. Pickard-Cam- American efforts which have been m: 
bridge’s on education and freedom; to this end are profoundly appreciat 
Professor P. G. H. Boswell’s on the and the association gave evidence 
preservation of sites of scientifie interest willingness to lend any assistance wit 
in town and country planning. Among its power to the consummation of 
discussions and papers with a similar most important scientific movement. 
bearing there were a discussion on the appointing representatives to coope1 
herring problem, and others on economic with any committee which may be 
aspects of diet, scientific management, pointed on this side of the Atlantic 
television, the applications of science to connection therewith. 

the control of road traffic (in which engi- O. J. R. Howartn, 
neers and psychologists made an unusual Necretary 
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THE STORY OF MEDICINE 


VICTOR ROBINSON 








THE TUDOR REPRINT 





This book, well-printed, and of pleasing appearance, has, clear v; 
written by one who is master of his subject. Professor Robinson's book is dit 
ferent from most. Beginning with the Stone Age the story is brought up-to 


t and mcisive 


date: the social life of the various pe riods is portrave d with insig! 


diction, lightened at times with sardonic humor; sufficient biographical data are 


given to frame out the story; and numerous quotations, both medical and other 
wise, add the human quality. Wi are made to re alize hat the deve lo} mel 
the art and science of medicine is best taught when it is considered along wit! 
other aspects of human progress, and in the light of human limitatio 

human vagaries. Much learning has made possible this book; th 
well-selected; the « xposition, skillful; and the sty le, excellent 


Medical Association Journal. 
We may justly say of this beautiful book that it is a unique piece of work, 


in which we find much originality and frankness—sometimes somewhat sharp. 
often audacious, but always brilliant and effective-—Winerva Medica 


Reprinted from the original plates of the $5.00 edition. 
Now $1.37, plus 10c for postage. 530 pages, 
with bibliographical notes 


FROBEN PRESS: 12 Mt. Morris Park W., New York, N. Y. 


Enclosed find $1.47 for which send the Story of Medicine to 


Address 
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RECENT BOOKS OF SCIENTIFIC INTEREST 


Parasitism and Disease. T. ili pp The Psychology of the Audience. H. 


$2.00, Princeton. WORTH. x 20. . $2.00), \merican 


rhis volume by Theobald Smith, the late director An effort to bring together in scientific ¢« 
emeritus of the department of animal pathology at such principles as may underlie the mutua 

" > . fea or atift » te leq wo ar overs 
the Rockefeller Institute for Medical Research, cove speaker and audience and to record exp 
such subjects as the life cycles of parasites, aberrant 
: ' ‘ measurements of the influence of different 
parasitism and incomplete eycles, cell parasitism and 


phagocytoses, the survival of parasites and their move techniques. This is one of the volumes in 


ment from host to host can Psychology Series edited by H. E. Garrett 


Community Hygiene. D. F. Smitey and A. G. Textbook of Bacteriology. H. ZINSSER 
GouLp. (2nd edition). xiv +369 pp. Illustrated. BAYNE-JONES. x +1226 pp. Illustrate: 
$2.00. Maemillan. Appleton-Century. 


Aspects of public health discussed in this book are In their seventh edition, the authors have 
environmental health hazards, community attack on ored to present a treatise on the laws and 
specific diseases, and health problems specific to cer of bacteriology as illustrated by their appli 
tain groups The revised edition is based on recent the study of pathogenic bacteria, to deve lop 
statistics, and those portions dealing with medical of intectious diseases and to record advances 
care and its costs have been rewritten science 


X-Rays in Theory and Experiment. ArtTHur H. Outline of Clinical Psychoanalysis. O. Fr 
Compton and 8. K. ALLISON. xiv+828 pp. Illus vii+492 pp. $5.00. Norton. 
trated. $7.50. Van Nostrand. 
In this outline of psychoanalysis from the 

In this second edition of “X-Rays and Electrors” by point of view Dr. Fenichel of the Berlin 
Dr. Compton, the history, properties, and manifold ap- 
plications of x-rays are explained Emphasis is placed 
on the statement: ‘Perhaps no single field of investiga- 
tion has contributed more to our knowledge of atomic 
structure than has the study of x-rays.” years; it is illustrated with numerous case ! 


analytic Institute attempts to bring together 
data of general and special psychopathology 
psychoanalysts have been gathering for over 


The Relativity Theory Simplified and the Forma- Weeds. W. C. MUENSCHER. xxii+577 pp. 
. . m . ate $6.00 aemills 

tive Period of Its Inventor. MAx TALMEY. xi trated. $6.00. Macmillan. 

186 pp. Illustrated. $1.85. Falcon Press. “Weeds” is a survey of the weeds of the 
United States, the primary purpose of whic! 
make more available the information on their 
intelligent layman, with a brief biography of Einstein cation and control. Recent methods of eradica 
chemicals and a classification of weeds accor 
family are included. There is a glossary of b 
Pegram, professor of physics at Columbia University. terms. 


An explanation of the theories of relativity for the 


The introduction has been written by Dr. George B. 


Books previously announced will be given space six times on this page for $12.00 
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e | “ v ‘ v 
SCENERY 
AND THE SENSE OF SIGHT 
Vaughan Cornish $3.00 


After a lifetime of study and observation, Dr. Cornish here pre 
sents a number of interesting facts and theories in a scientific 
analy SiS ot scenery. He shows how scenic effects depend on the 
unconscious habits of the eye, that the apparent enlargement of 
the setting sun is due to an unconscious reduction of the field of 
view, and that the disappointing impression of mountains whe: 
closely approached is caused by an unconscious enlargement of 


the field. The book is illustrated with ten of the author’s own 


VITAMINS 
IN THEORY AND PRACTICE 
L. J. Harris $3.00 


1 
} 


he study 


sketches. 


A fascinating account of the origin and development of t 
: I 

of vitamins. This book clearly shows the advantages of an in 

telligent application of vitamin theory to various diseases which 
i 

even today are much more prevalent than they should be. The 


author clearly illustrates the way in which vitamins work and 


gives useful advice on sensible dietetics. 


CAMBRIDGE READINGS 
IN THE LITERATURE OF SCIENCE 
Sir William Dampier and M. Dampier Whetham $1.00 
A new edition of this valuable anthology at 


extracts from the important work of s 


to Darwin, Rutherford and Morgan 





MACMILLAN 


60 Fifth Avenue New York 
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THE GIFT 
OF FRIENDSHIP 


:— is a priceless gift within reach of 
every one — the gift of friendship. 

Of all the services of the telephone there 
is none more important than this — help. 
ing you to make friends and to keep them. 

When people are in trouble, you go to 
them quickly by telephone. The telephone 
carries your good wishes on birthdays, wed- 
dings and anniversaries. Arranges a golf 
game or gets a fourth for bridge. Invites 
a business acquaintance to your home for 
dinner, and advises “home” that he is 


coming. Congratulates a youngster on hi- 
work at school. Thanks a neighbor or ask- 
about the baby. Renews old times—share- 
confidences—plans for the future. 

Thus the bonds of friendship are formed 
and strengthened. Greater happiness come: 
into the widening circle of your life. Som 
one, somewhere, says sincerely —*“It wa- 
nice of you to call.” 

This day, a voice-visit by telephone ma) 
bring reassurance to some good friend who 


is wondering how you are. 


BELL TELEPHONE SYSTEM 
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Complete Equipment for 


Explorers, Scientists, Engineers, 
Hunters and Travelers 











We have Equipped many Expeditions from the Poles 
to the Equator 


The only house in the U. S. where ever: item may be obtained 


Gurley’s Transits, Levels, Current Meters; Paulin Altimeters; Binoculars, 
Microscopes, Cameras, Motion Picture Outfits; Tents and Camp Requi- 
sites; Sleeping Bags; Saddlery; Outdoor Clothing for every climate; Boats; 
Arms and Ammunition, etc. 


We have recently equipped one expedition over the Greenland ice 
and an engineering expedition to Abyssinia and others for Vene- 
zuela, Colombia, Brazil and Persia. Some of these exploring parties 
we equipped with practically everything they needed from engi- 
neering instruments to rifles, ammunition and food. Our tents, 
made of Equatorial Waterproof Cloth, have stood the sun of the 
tropics and the freezing blasts of the Polar regions. 


Let us furnish estimates—write us your wants. 
Catalogs and Testimonial Letters on request 
ANTHONY FIALA ‘WARREN STREET 


**Look for the sign of the Polar Bear’ 
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Hteeeeniita, 


CARNEGIE INSTITUTIO 
OF WASHINGTON 


is a research organization working in n 


fields. Its monographice publications 
STAR HOTEL placed in the principal libraries of 
world. Copies can be purchased at r 

able prices. 


in New York These publications comprise studies ir 


following fields: 


wut 


eee Archaeology History 
Anthropology Literature 
Astronomy Mathematics 
Biology Nutrition 

& for BUSINESS... 1 block from Botany Palaeontology 
Times Square, 3 blocks from 5th Chemistry Palaeography 
Ave. Underground passageway Ecology Philology 


to all subways. Economics Physics 
Embryology Terrestrial Magnetis 


* for DINING...3 restaurants Gensties Seclesy 
to choose from—coffee room, Geology 


tavern grill, main dining room. , 
Descriptive lists and pric 


Breakfast from 30c Luncheon/from65c tained by addressing: 
Dinner from 85¢ ° 


% for RECREATION...69 fine 

theatres within 6 blocks. 1 block CARNEGIE INSTITUTION OF WASHINGTON 
from Broadway...4 short blocks | WASHINGTON, D. C. 
to Madison Square Garden. = 
% for QUIET SLEEP... 32 stor- 


ies of fresh air and sunshine 
high above the street noises. 

















1400 large rooms...each with 


bath {tub and shower} servidor Outlook upon the 


and radio. ie 
Future of British Un- 


employed, Mental 


SINGLE from $2.50 | Patients and Others 
DOUBLE from $3.50 


Spee Gates tor Genges Suctede BY NATHAN ISRAELI, Ph.D. 
Send for booklet “M” = 


eee A monograph just published about 


JOHN T. WEST, 
fe General Manager , ; : 
social scientists, and educators. 
L ! N C Oo L N : It can be obtained for 50¢ from the 


44th TO 45th STS. AT 8th AVE. - NEW YORK 


investigation in Gt. Britain in 1933. Ot 


interest to psychologists, psychiatrists 


TOPUOCUEEEOOUELEEOGUOEEOOTEEEE OEE ERGOT 


Science Press Printing Co., 





Lancaster, Pa. 
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Medical Mycology 


Fungus Diseases of Man and 


Other Mammals 


By CARROLL WILLIAM DODGE, Ph.D. 


Professor of Botany, Washington University; Mycologist, Missouri Botanical Garde 





900 pages—6 34 x 10—142 illustrations—Beautiful vermin- and water-proof cloth, 


with gold stamping. Price, about $10.00 


HIS is the only complete book in English on the fungus diseases (mycoses) of man 

and other mammals, giving morphological and cultural characters of all fungi 
which have been reported pathogenic, accompanied by the most complete bibliography 
(over 5,000 titles) so far assembled. The morphology of related groups of saprophytes 
is discussed, enabling the medical investigator to comprehend the phenomena observed in 
the life cycle of the organism under consideration. Keys to genera and species are pro 
vided to enable the observer to identify his organism or at least to compare it with previ 
ously described organisms from the same group. Brief notes and references on the original 
and subsequent case histories are given, also notes on pathogenicity to experimental animals. 


The treatment of ringworm, athlete’s foot and related diseases is the most compre 
hensive summary of all phases of the subject which has yet appeared in English, not only 
regarding the organisms but also the pathology and therapeusis. 


The correlation of knowledge of the life cycles of mammalian fungus pathogens has 
clarified ideas of phylogeny and classification, especially yeasts and Plectascales. Many 
aberrant groups no longer seem aberrant when the transitional groups among the human 
pathogens are considered. The difficult group of imperfect yeasts has been classified as 
far as possible upon the basis of their morphology and correlation of their biochemical 
characters and pathogenic properties, such as the organs attacked, invasiveness, etc., has 
yielded a new viewpoint for further work upon this interesting group. The nomencla- 
ture of all the pathogenic groups has been revised in the spirit of the International Rules 
of Nomenclature. 


THE C. V. MOSBY COMPANY, 3525 Pine Blvd., St. Louis, Mo. 


Gentlemen: 


Kindly send me Dodge—‘“Medical Mycology,” when ready, charging my account. The 
price is about $10.00. 


Name Street 


City State 














“A big $5 worth... 


PARADE OF THE 
ANIMAL KINGDOM 


By Robert Hegner 


Professor of Protozoology, Johns Hopkins University 


A popular account of the animal kingdom by one of ou: 
outstanding zoologists . . . Here is a vast store of reliable, 
up-to-date information on more than a thousand represen 
tatives of each large group of animals, imparted in highly 
entertaining fashion and enhanced by the best modern pho 
tography . . . Just the kind of book that the whole family 
will constantly be looking things up in. 


667 pages—753 illustrations—$5.00 





= —<——— 
TS eS aes aS 


= ap tate 


Two new interpretations of the most 





fascinating of modern sciences. 





THE SOLAR SYSTEM 
AND ITS ORIGIN 


By Henry Norris Russell 


Professor of Astronomy, Princeton University 


“An informative book for those who have 
not ‘kept read up’ on the newer things in 
astronomy; an excellent opportunity to 
sum up, for those who have.”—Science 
News Letter. $2.00 


WORLDS WITHOUT 
END 


By H. Spencer Jones 


Astronomer Royal 


A vivid survey of modern astronomy for 
the layman, discussing many of the con- 
clusions that have been drawn from recent 
astronomical observations and study. II- 
lustrated with many fine photographs 
from various observatories. $3.00 


MACMILLAN - New York 


Important new texts for students. 


A BRIEF COURSE IN 
QUALITATIVE 
CHEMICAL ANALYSIS 


By Louis J. Curtman 
Professor of Chemistry, 
College of the City of New York 





A text for the short course in qualitative 
analysis that is much fuller and more 
complete than most texts for that course. 
Not only is the treatment of funda- 
mentals more thorough and modern de- 
velopments in the science more fully 
covered, but the laboratory work is ex- 
ceptionally clear and accurate, including 
some useful new features. To be pub- 
lished in December. Probable price $2.00 


THE INVERTEBRATA 


By L. A. Borradalle and F. A. Potts, with 
chapters by L. E. S. Eastham and 
J. T. Saunders. 


Second Edition, revised and enlarged, of 
a popular text for the more advanced 
students of zoology. $4.00 
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